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THE  MISSION  OF  AGARD 


The  mission  of  AGARD  is  to  bring  together  the  leading  personalities  of  the  NATO  nations  ir.  the  fields  of 
science  and  technology  relating  to  aerospace  for  the  following  purposes: 

-  Exchanging  of  scientific  and  technical  information; 

-  Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 


-  Improving  the  cooperation  among  member  nations  in  aerospace  research  and  development; 

—  Providing  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the 
field  of  aerospace  research  and  develop!  lent; 


! 


-  Rendering  scientific  and  technical  assist:  ncc,  as  requested,  to  other  NATO  bodies  and  to  member  nations 
in  connection  with  research  and  develoj  ment  problems  in  the  aerospace  field. 


-  Providing  assistance  to  member  nations  ior  the  purpose  of  increasing  their  scientific  and  technical  potential; 

—  Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities 
for  the  common  benefit  of  the  NATO  community. 

The  highest  authority  within  AGARD  is  the  National  Delegates  Board  consisting  of  officially  appointed  senior 
representatives  from  each  Member  Nation.  The  mission  of  AGARD  is  carried  out  through  the  Panels  which  arc 
composed  for  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Excnange  Program  and  the  Aerospace 
Applications  Studies  Program.  The  results  of  AGARD  work  are  reported  to  the  Member  Nations  and  the  NATO 
Authorities  through  the  AGARD  series  of  publications  of  which  this  is  one. 

Participation  in  AGARD  activities  is  by  invitation  only  and  is  normally  limited  to  citizens  of  the  NATO  nations. 
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FOREWORD  1 
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It  if  the  exchange  of  information  which  is  one  of  the  fundamental  missions  1 

of  AGARD,  and  towards  which  our  Annual  Meeting  of  the  Aerospace  Medical  Panel  If 

is  specifically  directed.  I 
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In  this  instance  we  have,  through  the  hospitality  of  the  French  National 
Delegates,  had  the  opportunity  of  holding  our  Autumn  Meeting  of  1971  in  Luchon 
in  the  Pyrenees.  One  of  the  advantages  of  a  meeting  in  a  small  town  is  that 
the  delegates  are  kept  in  close  touch  uith  one  another,  which  makes  the 
exchange  of  information  on  an  unprogramed  basis  even  more  effective. 

The  programme  itself,  with  its  three  themes:  disorientation,  simplified 
methods  for  clinical  examination  of  aircrew,  and  biophysical  problems  in 
aerospace  medicine,  reflects  the  wide  range  of  expertise  available  in  our  Panel  - 
an  expertise  which  is  directed  towards  the  problems  of  the  operators  in  both 
the  military  and  the  civil  environments,  since  the  same  type  of  problem  is 
frequently  encountered  in  the  t: wo  fields. 

The  quality  of  the  presentations  was  consented  upon  most  favourably,  and 
I  would  like  to  take  this  opportunity  of  thanking  the  authors  on  bi-nalf  of  the 
Panel.  I  wish  also  to  thank  the  editors  of  the  Technical  Evaluations,  which 
provide  an  expert  review  of  each  phase  of  the  meeting,  so  chat  the  salient 
points  and  broad  conclusions  reached  in  discussion  may  be  permanently  recorded. 
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PREFACE 


One  cr  the  principle  objectives  of  AGARS  is  to  promote  the  exchange  of 
scientific  and  technical  information  within  the  NATO  countries.  The  pages 
which  follow  are  a  permanent  record  of  the  proceedings  of  a  meeting,  organised 
by  the  Aerospace  Medical  Panel  of  AGARS,  which  was  devoted  to  the  problem  of 
spatial  disorientation.  The  limitations  of  mans'  ability  to  sense  aircraft 
attitude  and  motion  are  one  of  the  main  causes  of  the  sensory  illusions 
embraced  by  the  term  'disorientation  in  flight'.  These  have  been  recognised 
far  over  fifty  years  and  are  well  described  in  aeromedical  text  books.  However, 
the  operational  consequences  of  spatial  disorientation,  in  particular  the  loss 
of  life  and  aircraft  in  orientation-error  accidents  and  the  ways  in  which 
disorientation  may  be  ameliorated,  are  less  clearly  understood.  The  papers 
presented  at  the  28th  Meeting  of  the  Aerospace  Medical  Panel  make  good  this 
deficiency  and  provide  a  convenient  digest  of  current  opinion  and  research  into 
the  more  practical  aspects  of  the  problem  of  spatial  disorientation  in  flight. 

It  is  considered  chat  these  Proceedings  will  be  of  value,  not  only  to 
aeromedical  specialists,  but  also  to  those  engaged  in  the  training  of  aircrew 
and  in  operational  duties. 

The  value  of  published  proceedings  is  enhanced  by  the  inclusion  of  the 
informal  exchange  between  participants,  for  such  discussion  underlines  impor¬ 
tant  findings  or  exposes  weaknesses  in  argument  and  technique.  It  is  an 
importai.t  part  of  the  editor's  task  to  produce  an  intelligible  text  of  such 
discussion  from  recorded  commentary  and  from  forms  which  participants  were 
asked  to  complete.  In  my  limited  experience,  only  about  a  third  of  the  actual 
discussion  is  reflected  in  these  'discussion  forms'  and  the  editor  must  rely 
heavily  upon  the  tape  recording  if  an  accurate  account  is  to  appear  in  the 
printed  proceedings.  On  this  occasion  my  task  was  made  the  more  difficult 
because  only  about  402  of  the  discussion  was  recorded  due  to  an  intermittent 
fault  which  was  not  discovered  until  some  time  after  the  meeting.  For  a  few 
papers  the  recorded  discussion  was  complete,  but  for  the  others  I  have  had  to 
rely  on  written  comments  and  hazy  recollection,  so  the  discussion  as  printed 
is  incomplete.  This  deficiency  is  much  regretted.  To  those  authors  and 
speakers  who  arc  not  adequately  represented  I  extend  the  apologies  of  the 
recording  engineers.  To  those  who  are  misrepresented,  I  alone  bear  responsi¬ 
bility. 


A  J  BESSON 

Technical  Programme  Organiser 
and  Editor 
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SUMMARY 


This  volume  contains  the  text  of  16  papers,  related  to  the  problem  of  spatial  disorientation  in 
flight,  which  were  presented  during  the  first  part  of  the  28th  Meeting  of  the  Aerospace  Medical  Panel, 
held  at  Luchon,  France,  28-30  September  1971.  The  papers  covered  the  following  topics:  1.  description 
and  analysis  of  disorientation  incidents,  2.  orientation  error  accidents,  3.  training  procedures, 

4.  laboratory  ctudies.  The  principal  findings  and  recommendations  are  sunoarised  in  a  Technical 
Evaluation  Rep£''t .  - 


OPENING  CEREMONY 


The  civil  and  military  dignitaries  who  took  part  in  the  opening  ceremony 
of  the  20th  Meeting  of  the  AGARD  Aerospace  Medical  f  .nel  were  introduced  by 
the  Chairman  of  the  Panel,  Croup  Captain  T  C  0  Whiteside. 

The  Co-ordinator  for  the  host  country,  Mfdecin  General  R  Grandpierre, 
extended  greetingpto  delegates  and  distinguished  guests,  in  particular  to  the 
Director  General  of  Medical  Services  of  the  French  Armed  Forces,  Mldecin 
C<?n£ral  P  G  Lenoir,  and  to  the  Mayor  of  Luchon,  Dr  A  Castaigne.  Cn  behalf  of 
Che  French  National  Delegate,  Gfr.firal  Grandpierre  expressed  pleasure  that  the 
20th  Meefing  of  the  Aerospace  Medical  Panel  was  being  held  in  France.  He 
emphasised  the  importance  which  the  National  Delegates  attach  to  the  exchange  of 
information  within  the  NATO  countries  and  in  particular  their  aspirations  for 
the  success  of  the  meeting  in  Luchon.  He  had  no  doubt  that  this  objective 
would  be  fulfilled  since  the  civil  authorities  of  Luchon,  had,  by  their  generous 
hospitality  provided  a  most  favourable  milieu  for  a  meeting  which  had  attracted 
contributions  of  a  high  technical  standard. 

GAndral  Lenoir  in  his  address,  expressed  appreciation  to  General  Grandpierre 
and  to  the  Chairman  of  the  Aerospace  Medical  Panel  fvr  inviting  him  to  attend 
the  opening  ceremony  and  for  the  welcome  which  he  had  received  since  his  arrival 
in  Luchon. 

General  Lcncir  said  that  his  interest  in  AGARD  and  in  particular  the  work 
of  ASMP  was  two  fold.  As  an  army  man,  in  charge  of  the  combined  Medical  Services 
of  the  French  Armed  Forces,  it  was  important  that  the  found  out  more  about  the 
activities  of  Specialists  in  the  field  of  Aviation  Medicine-  The  other  reason 
fer  his  presence  in  Luchon,  General  Lenoir  explained,  was  more  personal  and 
stecsea  from  a  meeting  wi‘.h  the  Chairman  of  ASMP.  He  was  deeply  impressed  with 
the  sincerity  with  which  Croup  Captain  Whiteside  had  explained  to  him  the 
objectives  of  AGARD  and  the  activities  of  the  Panel  he  represented.  The  General 
was  pleased  to  have  the  opportunity  to  express  publicly  his  gratitude  to  the 
Chairman  of  ASMP  for  his  work  in  promoting  international  co-operation? 

General  Lenoir  recognised  the  complexity  of  the  aeromcdical  problems  posed 
by  modern  military  aviation  and  considered  that  as  the  operat  .onal  requirements 
become  more  exacting.,  it  was  essential  that  there  should  be  close  co-operation 
in  research  and  development  rn  the  discipline  of  aerospace  medicine.  The 
success  of  such  international  co-operation  was  dependant  upon  mutual  trust  and 
an  attitude  of  'fair  play'. 

In  concluding  General  Lenoir,  reaffirmed  the  welcome  to  the  delegates  from 
the  NATO  countries  who  had  assembled  in  Luchon  and  wished  then  every  success  >3 
the  technical  sessions  which  would  follow. 
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SUMMARY 

Reecnt  incidents  involving  disorientation  in  flight  reported  by  336  U.  S.  Air  Force,  Army, 
and  Navy  pilots  were  compared  with  incidents  reported  by  137  pilots  in  1956.  The  incidents 
were  strikingly  similar  for  various  types  of  aircraft  and  even  for  combat  and  noncombat 
situations.  These  findings  and  those  of  other  investigators  suggest  that  disorientation  is  currently 
experienced  in  a  wide  variety  of  flight  operations  throughout  the  world  and  will  continue  to  be 
experienced  by  military  aircraft  pilots. 


INTRODUCTION 

The  pilot’s  task  in  orientation  to  the  horizon  and  to  gravitational  and  gravitoinertial  force  has  been  one  of  the  constant  problems 
in  aerospace  medicine,  indeed,  volume  I  (1930)  of  Aerospace  Medicine  (then  the  Journal  of  Aviation  Medicine)  reported  on  “Blind 
Flying,”  a  symposium  about  orientation  and  disorientation  in  flight.1  Since  then  many  papers  have  been  written  on  the  topic,  but  no 
attempt  will  be  made  here  to  review  this  literature  since  it  has  been  done  recently  by  several  others.2  "5  It  is  worth  noting,  however,  that 
while  materiel  failure  as  a  cause  of  aircraft  accidents  has  decreased  during  the  past  decade,  the  relative  importance  of  “pilot  error"  as  a 
cause  has  increased.6  Consequently,  factors  important  in  causing  disorientation  in  flight  also  become  increasingly  important. 

Disorientation  is  used  in  'his  discussion  simply  to  refer  to  situations  in  flight  in  which  the  pilot’s  perception  of  the  attitude, 
position,  or  motion  of  his  aircraft  or  other  objects  in  space  is  nonveridical  (i.e.,  pctceplion  differs  from  physical  events).  Thus, 
disorientation  encompasses  a  wide  variety  of  perceptions  that  may  deviate  only  slightly  from  vcridicality,  or  may  result  in  gross 
perceptual  errors  leading  to  inappropriate  control  movements  or  to  accidents.  Hixson,  Niven,  and  Spezia7  have  defined  such 
“orientation-error  accidents'  as  those  “. . .  said  to  occur  whenever  an  accident  results  from  a  pilot's  incorrect  perception  of  his  true 
motion  and  attitude  in  space.” 

Disorientation  of  one  type  or  another  is  ubiquitous  in  military  flight  operations.1  >1**  Recent  reports  have  described  disorientation 
in  many  different  aircraft  and  many  countries,  e.g.,  Canada,10  Czechoslovakia.1 1  Japan.6 -1  ‘  Russia,2  the  United  Kingdom.'5  and  the 
United  States.*’1 3,14  Consequently,  there  is  a  continuing  interest  in  the  topic,  and  many  investigations  have  been  undertaken  to 
understand  the  many,  complex  factors  that  contribute  to  orientation  and  disorientation.  Of  these  studies,  a  significant  number  have 
involved  the  vestibular  system,  which  contributes  in  important  ways  to  disorientation  in  flight,  because  of  its  special  characteristics 
during  the  passive  rotation  of  the  pilot  during  flight.3  ’  *  * 

In  spite  of  the  increase  in  knowledge  of  the  topic  in  the  past  40  years,  however,  reports  of  disorientation  experienced  by  pilots 
continue,  sometimes  as  critical  incidents  and  sometimes  involving  accidents.’  •*’1  ,"15’16  This  is  not  surprising  because  both  orientation 
and  disorientation  arc  a  result  of  complex  perceptual  systems  interacting  in  complex  ways.3’4,1 5  Furthermore,  extrapolation  from  the 
laboratory  to  flight  with  its  own  unique,  complex  environment  must  be  undertaken  with  caution.  Consequently,  pcriooic  investigations 
of  critical  incidents  involving  disorientation  during  flight  arc  of  value  since  flight  operations  may  be  expected  to  vary  over  time.  This 
report  describes  the  various  kinds  of  disorientation  and  related  experiences  reported  by  a  group  of  pilots  flying  several  types  of  aircraft 
and  compares  these  events  with  those  reported  by  a  group  of  pilots  in  I956.1’1 7 

METHOD 

Mots  Reporting  Disorientation 

The  reports  of  critical  incidents  involving  disorientation  were  obtained  from  336  pilots  in  the  U.  S.  Air  Force.  Army,  and  Navy,  all 
in  active  flight  status.  They  were  arbitrarily  classified  into  five  categories  in  terms  of  the  aircraft  they  were  flying  at  the  time  (Table  1 ). 
The  majority  had  flown  within  the  5  days  prior  to  responding  to  the  questionnaire:  only  1 2  had  not  flown  within  the  past  month.  Their 
median  age  was  31:  their  median  flight  time  in  the  current  aircraft  was  600  hours:  and  their  median  total  flight  hours  were 
2,000. 


"’The  data  collection  for  this  study  was  accomplished  at  Ames  Research  Center.  NASA,  with  the  assistance  of  John  D.  Stewart  and 
Crutles  C.  Xubokawa  and  was  supported  by  NASA  Grant  NGL  05-046-002  to  San  Jose  State  Coilcgc 
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Table  1.  The  percentage  of  321  pilots  reporting  disoiici.!<ti<,ii  hi  live  types «f  unrein  ji'i: 

percentage  ,<f  137  pilots  repotting  these  experiences  in  1956. 

;rafi  compared  with  the 

xv-rv.-‘ 

Transport 
N  *  65 

Training 
N*  105 

Digit 
altitude 
N  *  39 

Single 
place  jets 
M*  13 

Helicopter 

14*99 

1956 

S  *  137 

1.  Alllinugli  the  w—ip  were  really  level.  1  kept  navmg  scin  "  ’  •»  one  or  the 

oilier  of  the  wings  was  down. 

71 

67 

41 

SS 

52 

67 

2.  While  observing  a  llare  on  a  dark  night.  1  thought  il  n>  •  ■  lie  course, 

but  it  was  really  floating  sttaiglil  down. 

18 

15 

3 

3! 

33 

23 

3.  On  a  dark  night.  1  was  confused  about  the  stars  and  surface  lights.  Consequently, 

1  bccjnic  uncertain  about  the  position  of  the  horizon. 

48 

30 

49 

92 

29 

... 

4.  When  1  came  out  of  a  thick  overcast,  the  horizon  seemed  severely  tilled, 
although  1  was  straight  and  level. 

25 

19 

38 

46 

9 

20 

S.  Following  a  loss  of  altitude  while  maintaining  a  constant  heading,  my  ears 
cleared  and  1  felt  1  was  in  a  turn. 

9 

12 

10 

$ 

3 

#  w 

6.  Although  1  was  in  complete  control  of  the  plane.  1  lost  my  sens:  of  direction.  1 
thought  1  was  flying  east,  but  1  was  actually  heading  noith. 

23 

51 

28 

54 

S3 

47 

7.  All  at  once,  it  scented  as  if  I  was  straight  and  level,  although  in  reality  I  was  tn  a 
turn. 

40 

40 

44 

46 

34 

66 

8.  1  w-js  very  intent  on  the  tatget  and  didn't  cheek  my  altimeter.  Suddenly  1 
realized  that  1  was  too  low.  and  abruptly  pulled  out  with  only  :t  few  feet  to 
spate. 

14 

11 

3 
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9.  1  became  confused  in  attempting  to  mix  contact  and  instrument  flight  cues  fur 
orientation. 

37 

31 
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38 

31 

31 

10.  When  1  levelled  off  after  a  bank.  1  had  a  tendency  to  over  bank  in  the  opposite 
direction. 

42 

40 

46 
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44 

67 

1 1.  I  had  a  full  view  of  the  bay  with  the  lights  ail  around  il.  It  seemed  like  a  totally 
strange  place,  although  normally  it  wav  quite  familiar. 

23 

25 

15 

31 

34 

27 

12.  Tire  sunlight  coming  through  the  propellers  caused  flicker,  and  a  crew  member 
became  confused  and  scry  uncomfortable. 

14 

10 

3 

0 
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13.  Following  a  climb  on  a  constant  heading,  I  felt  1  was  in  a  bank.  The  imtiuments 
indicated  straight  and  level, 

26 

29 

18 

15 

21 

14.  On  a  routine  patrol  flight.  1  had  •  feeling  of  not  knowing  where  I  was.  of  getting 
turned  aiound  in  ditcclion  mome  itaiily. 

34 

4? 

26 

3i 
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15.  During  instrument  flight,  1  found  myself  leaning  to  the  right  in  the  cockpit  to 
keep  myself  vertical. 
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16.  During  straight  and  level  flight,  1  felt  that  1  was  it;  a  bank. 
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56 

39 
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42 
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17.  On  a  cross-wind  landing,  1  noticed  that  1  was  drifting  badly  across  the  runway, 
bn!  1  failed  to  make  any  correction  for  it. 

15 

22 

S 

0 

S 

12 

IS.  Following  a  sleep,  climbing  turn.  1  felt  1  was  turning  in  the  opposite  direction, 
but  the  instruments  indicated  straight  and  level. 
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31 
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19.  As  we  flew  through  the  fog.  1  became  confused  by  the  rotating  beacon  on  the 
aircraft  because  it  caused  a  flickering  light  in  the  cockpit. 
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23 

28 

16 
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20.  As  1  climbed  to  high  altitude.  1  had  a  feeling  of  isolation  am!  ol  being  separated 
from  the  ca'tli. 

23 

22 

15 

:-s 

24 
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night  Bxt>ericnces  Questionnaire 

All  of  the  reports  of  disorientation  experiences  were  obtained  from  a  three-part  questionnaire  lh.it  included  (l)a  description  of 
the  purposes  of  the  study  and  four  demographic  items.  (2)  a  request  for  a  written  description  of  an  c.sperif  nee  with  disorientation  ui 
the  aircraft  they  wer  •  currently  flying,  and  (3)  a  check  list  of  flight  experiences  in  the  airc.aft  they  were  surtcutlj  flying.  The  check  Ii*t. 
which  was  derived  from  pilots’  descriptions  of  vertigo  (Table  I).  was  an  abridgment  and  modification  of  a  died:  list  used  in  an  eat  her 
study  of  disorientation  in  jet  pilots.*  The  pilots  were  asked  to  check  those  items  in  the  list  if  they  had  had  the  same  or  a  similar 
experience  in  the  aircraft  they  were  flying.  The  questionnaires  were  distributed  in  various  squadrons  and  returned  without  identification 
of  the  respondent. 

RESULTS 

The  ubiquitous  nature  and  vatic;,  -haracter  of  these  reports  of  disorientation  is  evident  from  even  a  ca.— •*'  examination  of  the 
reports.  The  data  indicate  that  most  pilots  experience  these  effects  at  one  time  or  another.  This  is  certainly  not  surprisin'  since 
di'^rientation  is  a  result  of  the  interaction  of  several  normal  per,  cptual  processes.2-4  1  ■t-1 5 

Disorientation  Reported  on  the  Chech  List 

The  data  from  the  check  list  (Table  1 1  show  much  variation  from  pilot  to  pilot.  Of  the  20  items  on  the  check  list.  ind,v~<.'ji  pilots 
checked  ft  n,  ut.'  16  with  a  median  of  6.  Onlv  22  pilots  checked  no  items  while  64  checked  10  or  more  (i.e..  939?  checked  at  least  one 
item).  The  check  hvt  included  1 5  items  from  an  earlier  study.*  A  striking  feature  of  the  results  is  the  similarity  of  the  responses  of  thts 
group  to  those  of  the  jet  pilots  in  1956.  When  these  1 5  statements  were  ranked  in  order  of  frequency  of  response  for  the  two  groups, 
the  rank  order  correlation  turned  out  to  be  +0.S6  showing  that  the  frequency  of  reports  of  disorientation  has  changed  little  in  the  jets! 
14  years.  It  ts  evident  from  the  items  checked  by  one  or  more  pilots  trial  there  is  much  similarity  across  the  tv  pcs  of  aircraft  down  and 
that  these  pilots  experience  a  wide  variety  of  types  of  disorientation. 

Disorientation  ts  typically  a  complex  perceptual  process  hence  classifying  the  items  ts  a  difficult  task.1 2  Nevertheless,  the  data 
confirm  earlier  results*  in  showing  that  the  most  frequently  reported  tv  pc  of  disorientation  involves  uncertainty  regarding  the  attitude 
and  motion  of  the  aircraft  (Items  1.  10).  Visual  disorientation  (i.e..  confusion  or  uncertainty  regarding  objects  in  the  pilot’s  visual 

field)  was  much  less  frequently  reported  (Items  2.3.4).  However,  92T  of  the  13  pilots  flying  alone  tn  jet  aircraft  rejvrtcd  confusion  of 
stars  with  surface  lighting. 


Mawwwttui  Mu  with1  WrfMldl  'r.4  VttMkM  BKUUfllWnt  si  Jift* 


A I -3 


Light  flickering  at  appropriate  frequencies  lias  been  knots n  ter  many  years  to  produce  annoyance,  lowered  alertness,  various  types 
of  confusion,  and  even  convulsions.1  Furthermore.  Birry  and  Fast  stood1 3  • 11  and  others'6  have  reported  disorientation 

among  helicopter  pilots  associated  with  flicker  from  the  rotatin')  wing.  This  study  confirms  their  findings  (Item  1 3),  blit  mdicaics  more 
frequent  disorientation  (Item  19)  related  to  the  dicker  canted  by  the  anticolhsicn  light  (see  also  the  report  of  pilot  32'7  below). 
Experimental  evidence  in  a  simulated  cockpit19  has  sliosvn  that  dicker  in  the  range  found  in  anticoilision  lights  does  not  produce 
significant  changes  in  F.FG  and  nystagmus  nor  does  it  appear  to  cause  changes  in  visibility .  However,  the  duration  of  flicker  was  short, 
and  the  pilot  svas  not  engaged  in  a  demanding  task.  Consequently,  a  substantial  number  of  military  pilots  may  be  expected  to 
experience  discomfort,  drowsiness,  confusion,  and  even  disorientation  associated  wnh  flicker  from  the  anticolhs<an  light 

Geographical  disouentation.  incorrect  orientation  to  compass  points  or  places  (Items  0.  14).  was  frequently  reported  by  all  groups 
on  the  check  list  Another  problem  related  to  geographical  disorientation  is  the  difficulty  pilots  somet.mes  have  m  recognizing  familiar 
landmarks  (Item  i  1 )  About  25”  of  the  pilots  reported  tins  experience  (known  by  the  techm  I  name  of  jamais  vu.  "never  seen"). 

A  much  lcs«  commonly  reported  type  et  disorientation  is  “pressure  vertigo"  associated  with  pressure  changes  in  the  car  doing 
changes  t:l  altitude  3-:<l  Jones'3  I mdmg  that  about  10"!  of  his  pilots  report  this  experience  is  confirmed  hv  the  results  of  the  cheek  :>  ' 
(Item  5)  a'though  Lundgren  and  Malm:o  found  18”  of  a  group  of  pilots  reporting  “pressure  vertigo." 

Confirming  the  results  of  an  earlier  study,  about  33”  of  the  jet  pilots  reported  experiencing  the  "break-ofi  phenomenon.”  leehngs 
of  isolation  and  separation  from  the  earth  during  flight,  that  leads  sometimes  to  exhilaration  and  sometimes  to  fear  or 
uneasiness 5  •' 3,1 7  Although  jet  pilots  teport  the  experience  more  frequently  than  other',  it  is  also  reported  by  all  of  tile  other  groups 
including  the  helicopter  pilots  (Tabic  I ).  It  is  Jejr  tliat  the  effect  is  not  simply  a  function  of  high  altitude  flight.5 

A  final  factor  that  may  contribute  to  disorientation  is  Hie  way  the  pilot  directs  his  attention  to  the  available  intormation  regarding 
orientation  (Items  8.  !7).3  This  is  ui:  old  problem  in  instrument  flight  and  is  illustrated  m  Hie  extreme  case  by  a  pilot  directing  Ins 
attention  to  one  instrument  to  the  exclusion  of  all  other  sources  of  information.  As  would  'u-  expected  from  the  type  of  operations 
involved,  such  restriction  of  attention  was  reported  most  frequently  by  pilots  of  single  place  jets.  To  counlei  tins  effect  some  pilots  and 
copilots  in  transport  type  aircraft  hat  worked  out  a  procedure  using  conversant  t  between  them  to  reduce  undue  concentration  on  the 
flight  diiector  during  fund  approach  \s  in  earlier  studies,  a  third  or  more  of  these  pilots  reported  problems  when  they  attempted  to 
mix  VFR  and  1FR  sources  of  infon.  ..(ion  (Item  9).  Proponents  of  head-up  displays  have  suggested  that  such  arrangements  make  it 
easier  to  alternate  between  visual  and  instrument  flight  Whether  this  would  lead  to  less  disorientation  remains  to  he  demonstrated. 

Reports  of  Critical  Incidents  Involving  Disorientation 

The  pilots  were  asked  to  describe  an  experience  involving  orientation  m  space  that  was  in  some  sense  unusual  or  critical  and  might 
lead  to  some  difficulty  in  flight.  Of  flic  33b  pilots  who  responded.  187  reported  a  critical  incident  before  completing  the  check  list 
'Tab!-.'  I)  The  written  description  of  the  incident  and  a  check  list  of  descriptive  terms  related  to  the  incident  were  used  m  an  item 
analysis  of  each  n.-rrative  One  difficulty  in  collecting  the  data  through  the  squadrons  rather  than  in  personal  interviews  was  that  the 
narratives  sometimes  lacked  descriptive  details  that  could  have  been  obtained  in  an  interview.  However,  it  was  | possible  to  identify  40 
incidents  that  occurred  during  operations  in  Vietnam.  Consequently .  a  separate  anal)  sis  was  undertaken  for  these  incidents  t»  identity 
any  unique  experiences  under  these  flight  s  auditions. 

It  should  tv  emphasized  that  these  written  narratives  were  merely  a  sample  of  occurrences  recalled  by  the  pilot'  in  response  to  an 
oper-ended  request  and  therefore  must  he  evaluated  in  these  terms.  Furthermore,  the  associated  factors  were  uniformly  complex  Hie 
pilots  cited  many  associated  factors  that  in  their  minds  contributed  to  the  experience  such  as  incorrect  or  inadequate  visual 
information,  fatigue  and  inadequate  planning  (particularly  in  the  Vietnam  group),  lack  of  familiarity  with  the  aircraft,  fjullv 
iirtrjments.  emergency  conditions,  carelessness,  and  inadequate  attention.  Tile  descriptions  nude  it  clear  that  in  many  vases  a  series  ol 
disorientation  events  occurred,  but  in  evaluating  the  incident,  it  was  classified  in  the  category  judged  to  be  predominant  (see  P-322 
below)  Some  !  5”  of  the  incidents  were  impossible  to  categorize  because  of  inadequate  information  (c.g  .  the  pilot  merely  ctated  "I 
experienced  vertigo") 

Open-ended  techniques  of  the  sort  used  here  have  one  important,  potential  virtue  that  is  missing  from  a  check  list.  They 
soiretin.es  reveal  unusual,  new  ly  pcs  of  phenomena  lli.it  pilots  experience  in  flight.  However,  tins  was  not  the  case  with  these  reports  of 
critical  mcnlei'ts  m  flight  All  Hut  included  adequate  descriptive  data  were  readily  classified  into  one  of  the  seven  ..Jtcgoncs  identified 
on  the  check  list.  Nor  were  there  unique  types  of  disorientation  reported  in  Vietnam 

The  most  commonly  reported  ty  pe  of  experience  involved  disorientation  with  regard  to  the  attitude  and  motion  of  the  atrcralt 
(General.  52'*!.  Vietnam.  45”).  For  example 

Pilot  36  (P-36)  (Vietnam).  "I  switched  oft’  my  beacon,  but  developed  vertigo,  i  felt  that  I  was  straight  and  level,  hut  the 
instruments  said  (  was  climbing  to  the  left  I  could  look  up  and  sec  the  stars,  but  had  no  Horizontal  visibility ." 

P-2‘>6  (Genera!).  "  conducting  a  turr.jng  rendezvous.  lead  rolled  out  after  breakup  and  passed  through  a  thin  cirus  cloud  As  I 
passed  through  same  clnud  and  thru  exited. !  felt  as  though  lead  and  myself  were  inverted.” 

P-222  (Vietnam).  "It  was  a  low  level  flight  m  very  bad  vex  ....  Experienced  inadvertent  1FR.  A.C  was  rolled  to  dO9  angle  of 
bank  Copilot  reaction  was  fast  enough  to  right  A/C  before  hitting  the  water.  After  righting  the  A  C.  copilot  became  disoriented 
ard  raised  the  nose  of  the  A'C  to  excessive  angle.  The  pilot  having  by  this  time  become  oriented  on  instruments  again  took  AT  and 
flew  it  out  of  the  IFR  conditions." 

z\s  with  the  check  list,  the  next  most  .-oinmomy  reported  type  of  disorientation  was  judged  to  Ik  predominantly  visual.  15  -  ol 
both  groups  reported  visual  disorientation,  for  example: 

P-3  (Generali  "Fly ing  below  broken  overcast  .  no  moon  .  ..  Was  unable  to  distinguish  between  lights  on  the  ground  and 'lie 
lights  of  other  possible  aircraft  Each  of  us  at  one  time  or  another  during  the  flight  attempted  to  lake  evasive  action  from  lights  on 
th.*  ground  or  misinterpreted  direction  nr  altitude  of  other  traffic." 
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l’-l  3  (Vietnam).  In  a  'JIM ,  “We  were  drifting  far  back  and  to  the  right  of  the  formation.  I  could  not  detect  the  horizon  nor  tell 
the  difference  between  ground  lights  and  stars  ....  1  couldn't  tell  how  far  away  the  next  aircraft  was.  But  judging  how  long  it  took  to 
get  repositioned,  it  must  have  been  100-400  meters.” 

P-277  (General).  In  clouds,  “Commenced  right  turn  to  avoid  high  hills.  Started  climbing  turn.  Broke  out  and  attempted  VFR 
High!.  Bright  stars  above  caused  feeling  of  being  inverted  . . .  there  were  . . .  bright  lights  in  the  area  of  the  home  base." 

Geographical  disorientation  w?s  reported  both  in  Vietnam  and  elsewhere,  but  it  was  reported  much  more  frequently  for  those 
incidents  in  Vietnam  Only  '%  of  the  general  incidents  were  judged  to  be  geographical  disorientation  whereas  20%  of  the  incidents 
occurring  in  \  ietnam  v  ere  placed  in  this  category.  This  is  not  surprising,  in  the  light  of  operating  conditions  in  Vietnam,  and  the  results 
support  Che  emphasis  placed  on  certain  aspects  of  this  problem.2 1  For  example: 

P-l  2  (General).  “I  called  the  tower  on  final  approach  and  turned  on  my  landing  lights.  The  tower  told  me  he  did  not  have  me  in 
Jglit.  I  reali/ed  that  I  was  approaching  to  lam!  at  another  airport 

P-31  (Vietnam).  During  a  GCA.  “Twice  I  felt  like  I  was  flying  north  when  I  was  flying  south." 

P-l  08  (Vietnam).  "...  I  could  not  see  my  compass.  After  making  the  assault  and  coming  out  of  toe  LZ.  I  turned  the  wrong 
direction  ( 1 80°  out)  and  felt  I  was  right.  It  took  my  (copilot)  quite  a  while  to  convince  me  wc  were  going  the  wrong  direction." 

Incidents  involving  the  direction  of  the  pilots'  attention  were  much  icss  commonly  reported  (Gencral,7%;  Vietnam.5~)  than  the 
three  categories  just  described.  For  example: 

P-13  (General).  In  a  helicopter.  “I  observed  the  routing  beacon  of  another  aircraft  and  cojld  not  determine  what  direction  he  was 
flying.  I  unconsciously  devoted  ail  my  attention  to  that  one  beacon  and  ended  up  in  a  30K  (30  knot)  climbing  turn  ....  I  was 
momentarily  disoriented  when  I  realized  what  was  happening." 

P-42  (Vietnam).  “We  were  sent  out  to  check  a  stream  for  possible  sampans.  Weather:  ground  fog  and  haze,  light  rain  ....  We  were 
flying  at  1 00- 1 50  searching  a  streamline  with  our  search  light ....  Suddenly  the  aircraft  was  in  a  left  descending  turn.” 

Critical  incidents  involving  flicker  vertigo,  pressure  vertigo,  ami  the  brejk-off  phenomenon  were  recalled  less  frequently  than  the 
reports  indicated  on  the  check  list.  These  were  described  only  in  six  reports  by  the  general  group  and  not  at  all  by  the  Vieinam  group. 
An  illustration  of  each  is  given  below: 

P-327  (General).  “Anticollision  lights  flashing  around  on  clouds  made  me  want  to  believe  aircraft  in  turn  but  instruments 
indicated  not  so.  I  cross  checked  copilot’s  Instruments  and  they  were  the  same  as  pilot’s.  I  then  disregarded  sensations  and  stayed  on 
instruments  ” 

P-l  82  (General).  “Left  ear  difficult  to  clear ...  as  copitot  during  takeoff - Pilot  went  into  a  climbing  turn  in  clouds.  The 

sensation  of  rolling  inverted  was  uncontrollable." 

P-?->  (Generai).  UII-I ,  “It  was  my  first  solo  flight.  After  I  pulled  the  A/C  to  a  hover.  I  suddenly  realized  the  A/C  was  drifting  to 
the  right.  Corrective  action  was  taken  ....  I  had  the  feeling  that  I  was  completely  separated  from  the  surrounding  area,  as  in  'limbo'.” 

DISCUSSION 


The  incidents  reported  by  the  pilots  in  this  study  as  well  as  those  from  other  studies  over  several  decades  make  it  dear  that 
disorientation  involving  confusion  with  regard  to  the  altitude  3nd  motion  of  the  aircraft  is  the  most  commonly  reported  type  of 
disorientation.  Furthermore,  the  vestibular  system  is  the  primary  sensory  mechanism  involved  in  tlu.  type  of  disorientation.'  '*•*'' 2-15 
Three  characteristics  of  the  semicircular  canals  predispose  the  pilot  to  this  type  of  disorientation,  and  these  characteristics  contribute  to 
a  conflict  of  sensory  information  with  information  from  other  sensory  systems.5-'5  First,  the  isrmicreubr  canals  respond  to  angular 
acceleration  rather  than  to  the  velocity  of  rotation,  which  is  the  characteristic,  subjective  response  to  rotary  stimubtion.  The  canals 
nay  signal  no  rota!, on  during  a  constant  high  velocity  of  rotation  during  a  prolonged  turn,  or  they  may  signal  rotation  in  one  direction 
during  a  deceleration  while  the  aerial  rotation  is  in  the  opposite  direction.  Second,  the  afteraffects  of  rotation  may  continue  for  a 
prolonged  period  after  the  rotary  acceleration  has  been  reduced  to  zero  (c.g..  when  the  pilot  turns  to  straight  and  level  flight  after  a 
prolonged,  constant  rate  turn).  Third,  if  the  pilot  moves  his  head  during  a  turning  maneuver  Coriolis  couples  stimubtc  the  scmicircubr 
canals  and  produce  strong,  bizarre,  nonveridical  information  that  mav  result  m  improper  action.5  ■*•'  ’ 

A  recent  study  of  >hc  sensitivity  of  airline  pilots  to  angular  acceptation  hai  furnished  additional  evidence  of  the  importance  of  the 
scmicircubr  canals  :n  disorientation.  Clark  Jiid  Stewart* 2  using  the  oculogyral  illusion  as  the  indicator  found  that  the  thresholds  for 
angular  acceleration  for  36  airline  pilots  range  from  0.04  to  0.32°/scc2  with  u  median  of  0.1  lc.‘sec’.  These  data  show  that  pilots' 
sensitivity  to  angular  acceleration  is  fat  below  the  angular  accelerations  present  in  many  maneuvers  in  military  aircraft.  When  such 
information  is  nonveridical.  disorientation  may  result  even  fot  v4»>  low  levels  of  angular  acceleration.  It  has  been  well  established  that 
although  rilcts  are  taught  to  ignore  motion  information,  they  do  in  fact  use  such  information  in  the  operation  of  flight  simubte-rs  and 
complain  when  such  information  is  missing  because  tbs-  simulation  is  then  not  realistic.25  Undoubtedly,  such  motion  infoimaticn  is  also 
used  in  High)  to  alctt  the  pilot  to  motion  of  the  aircraft  and  improve  his  rfficicncy  in  control  tasks.  The  fact  that  such  motion 
intonnation  may  help  in  the  control  of  an  aircraft  andcr  certain  circumstances  while  it  may  lead  to  disorientation  under  other  flight 
conditions  makes  the  confusion  resulting  from  nonveridical  information  all  the  more  difficult  to  control. 

Spitiai  orientation  and  disorientation  in  flight  are  major  historical  and  current  problems  in  aerospace  medicine  2  •*•' 0-1 2 
Although  there  is  some  variation  in  the  types  of  disorientation  reported  for  different  tvj-rs  of  aircraft  (Tan.’r  I).  there  is  a  striking 
similarity  among  them  across  some  14  years  of  flight  experience.  Furthermore,  strikingly  similar  experiences  hare  been  reported  by  a 
number  of  investigators  around  the  wotld.2-2-*  ■' ,-'2  This  is  well  illustrated  by  a  comparison  of  the  data  repotted  here  with  those  of 
Kats>  and  her  associates  at  the  Acromcdicvl  Laboratory  of  the  Japanese  Air  Self-Defense  Forces.*-'2  They  bne  earned  out 
compr-hensiYc  studies  of  (actors  .  <ocia*cd  with  disorientation  in  flight  that  go  far  bey  ond  the  purposes  of  this  report.  For  example, 
they'  repott  no  significant  relation  between  vestibular  function  tests,  anxiety  scale  scores,  and  disorientation  although  some  positive 
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trends  were  found.  Kato  *ists  the  following  factors  that  contribute  in  important  ways  to  disorientation:  instrument  flight,  flying  alone 
in  formation  behind  a  leader,  fly  ing  in  clouds  (cither  day  or  night),  head  movements,  and  banking  maneuvers.  But  more  important  for 
this  study  was  the  great  similarity  of  her  pilots’  experiences  to  those  reported  above.  Reports  of  confusion  of  motion  and  attitude  of 
the  aircraft  were  the  most  common  in  both  studies.  Furthermore,  the  description  of  the  events  showed  much  similarity.  Some  examples 
from  Kato’s  studies  follow.  These  have  been  translated  into  English.  Her  reports  ere  in  quotation  marks,  the  numbers  in  parentheses 
refer  to  specific  incidents  cited  in  Table  I  or  by  particular  pilots  above 

1 .  “An  illusion  of  level  flight  while  making  a  turn."  (Cf.  number  37,  P-36) 

2.  “An  illusion  of  tilting  while  flying  as  a  wii  ~jnan  in  a  formation  although  the  leader’s  plane  was  in  level  flight.”  (Cf.  numbers  I 
and  16.  P-296) 

3.  “. .  .after  recovering  a  turn,  feeling  of  over-bank  in  the  opposite  direction."  (Cf.  number  10,  P-222) 

Similarities  between  the  studies  in  which  visual  factors  were  primarily  involved  are  illustrated  by  the  following  incidents: 

1.  "Lo  s  of  the  sense  of  the  vertical  (5  cases):  while  actually  maintaining  a  normal  position  (4  cases)  and  while  actually  on  his 
back  (I  case).  This  is  due  to  the  subject's  failure  to  distinguish  between  the  stars  and  the  lights  of  fishing  boats  in  the  sea  or 
lights  on  the  ground."  (Cf.  number  3.  P-277) 

2.  "Autokinesis"*  (Cf.  number  2,  P-3) 

Similarly,  Kato  found  that  29tf  of  her  pilots  reported  geographical  disorientation,  but  she  did  not  rive  a  specific  description  of 
such  incidents.  In  this  study,  23  to  54t?  of  the  pilots  checked  such  :,ems  on  the  check  list.  (Cf.  numbers  6  and  !4.  P-12.  P-31,  and 
P-108) 

It  is  worth  noting  that  the  purposes  of  this  study  and  Kato's  were  different  in  important  respects;  different  methods  were  used 
and  the  nature  of  the  interrogation  was  different  in  many  ways.  For  example.  Kato  specifically  inquired  about  Coriolis  effects, 
subthreshoid  effects,  and  illusory  pitching  motions  while  this  study  did  not.  Similarly,  this  study  was  concerned  with  flicker  “vertigo.” 
pressure  “vertigo,”  and  the  direction  r,f  the  pilot’s  attention  while  Kato  was  not.  In  spite  of  this,  there  was  substantial  similarity  among 
the  studies  and  even  with  the  1957  report.  Certainly  no  gross  differences  were  found  in  the  .latmc  of  the  disorientation  rep  rrted.  and 
the  results  suggest  that  the  relative  importance  of  disorientation  like  “pilot  error”  accidents  in  general*  has  probably  increased  ill  the 
past  decade.  It  is  not  surprising  that  this  is  so.  No  attempt  will  be  made  to  describe  the  complex,  perceptual  processes  involved  in 
orientation  in  flight  since  that  has  been  done  by  many  others.’ Nevertheless,  it  is  evident  from  the  reports  that  the  pilot  is  4  part  of  a 
highly  complex  man-machine  system  in  which  various  types  of  information  arc  available  with  respect  to  orientation  to  the  earth  and  to 
other  objects  in  space.  Information  from  the  pilot’s  visual  and  force  environments  (linear  and  angular  acceleration)  lead  Id  normal 
perceptual  processes  that  may  be  at  variance  with  information  from  the  instruments.  Consequently,  the  information  from  his  own 
perceptual  systems,  which  is  correct  and  used  effectively  during  his  life  on  the  ground,  may  be  either  correct  and  usctul  or  illusory  and 
degrade  flight  performance,  depending  on  tiie  nature  of  the  flight.  Training  devices  of  various  types  have  been  found  to  be  useful  in 
familiarizing  the  pilot  with  these  effects.'  *  Thus,  "vision  beyond  sight”  through  the  aircraft  instruments  must  be  used,  and  the  pilot 
must  learn  to  discipline  himself  to  direil  hi*  atrention  lo  the  appropriate  instruments  and  consider  his  own  perceptual  information  as 
untrustworthy.  That  this  is  no  simple  task  is  evident  from  these  pilot  reports  as  well  as  tnanv  others  *  •' 5 

Disorientation  in  flight  is  not  only  a  current  problem  in  flight:  it  promises  lo  be  a  continuing  problem.  Routine  flight  operations 
create  orientation  cues  that  result  in  "normal"  perceptual  processes  that  may  !«  cither  correct  or  illusory.  If  the  pilot  directs  his 
attention  to  incorrect  or  misleading  information,  he  will  piobablv  become  disoriented.  The  information  displays  related  to  orientation 
have  changed  little  in  the  past  decade.  Although  such  information  has  made  flight  possible  under  a  wide  ranee  of  conditions,  it  has  not 
eliminated  disorientation.  Certain  types  of  disorientation  will  be  reduced  only  if  instrument  displays  are  developed  ihat  for  all  pilots 
have  the  force,  if  not  the  substance,  of  information  available  during  VFR  flight.  The  illusory  perception  will  still  be  there,  but  its  weight 
in  determining  spatial  orientation  will  be  much  iess  important. 
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DISCUSSION 

CUEDRV.  The  basic  problem  of  disorientation  in  flight  docs  not  appear  to  have  changed  over  the  years. 

Vet  wouldn't  you  agree  chat  things  are  being  done  to  reduce  disorientation,  in  the  field  of 
training  and  improved  instrument  displays? 

CLARK.  I  cannot  really  agree;  instruments  nave  changed  little  over  the  past  decade,  the  basic  flight 

instruments  arc  still  there  and  do  little  to  provide  what  might  be  called  'vision  beyond 
sight*.  Improved  displays  are  required  to  provide  orientation  cues  which  have  the  force 
of  'visual  experience'.  This  is  where  training  becomes  important. 

LESSON.  One  of  the  difficulties  lies  in  the  symbolic  nature  of  the  orientational  cues  provided  by 
aircraft  instruments;  this  is  one  reason  why  the  aviator  cannot  accept  such  cues  without 
qualification. 

CUEDRY.  I  recently  saw  a  pilot  who  felt  chat  when  he  had  two  gyro  attitude  displays, disorientation 
was  halved.  If  noth  instruments  gave  the  some  information  ne  believed  them,  rather  than  his 
own  sensations. 

CLARK.  Yes.  I  have  come  across  this  type  of  situation.  A  comparable  incident  is  described  in  my 

paper  where  the  pilot  reported  cross  checking  his  own  instruments  with  those  of  his  ro-pilot 
to  cake  sure  that  it  was  his  own  sensations  which  were  in  error. 
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Have  you  identified  the  problem  of  disorientation  associcted  with  catapult  take-off  at  night? 

I  have  no  data  of  these  incidents,  but  I  believe  we  will  Lear  from  Dr  Cohen,  later  in  the 
meeting,  about  work  which  is  relevant. 

I  suspect  that  there  may  not  be  survivors  of  that  type  of  incident. 

The  last  comment  raises  a  point  that  has  always  worried  me.  The  disorientation  accident  cao 
occur,  perhaps  frequently  docs  occur,  when  the  pilot  does  not  realise  that  he  is  disorien¬ 
tated.  The  disorientation  incidents  we  hear  about  arc  commonly  those  in  which  there  was 
sensory  conflict;  the  pilot  was  aware  of  his  disorientation.  Vo  know  that  aircrew  all  suffer 
from  disorientation  at  some  tiDe  or  other  during  their  flying  career,  but  in  what  proportion 
of  flights  do  they  have  this  disability?  Have  you  any  ideas  of  how  we  can  get  reliable  data 
about  the  frequency  of  disorientation? 

i  don't  know  how  one  could  do  this.  Attempts  have  been  made  of  course,  as  in  the  US  Navy 
where  flyers  were  asked  to  make  a  report  every  time  they  h3d  an  incident.  But  aviators  can 
be  reluctant  to  talk  about  unusua.  sensations,  they  think  that  they  cay  be  a  little  bit  odd 
and  do  not  wish  to  broadcast  the  fact. 

I  would  like  to  raise  again  the  role  of  the  unnaturalncss  of  flight  instruments  in  the 
aetiology  of  disorientation.  Do  you  have  any  recommendations  to  make  about  the  development 
of  instruments  which  provide  cither  a  more  natural  presentation  of  information  or  a  display 
which  can  be  used  in  a  more  natural  way? 

1  an  convinced  chat  improved  displays  would  reduce  the  incidence  of  disorientation  and  we  have 
already  mentioned  how  redundant  information  can  strengthen  the  aviator’s  acceptance  of 
instrument  cues.  Yet  I  do  not  think  that  instruments,  no  matter  how  good,  will  ever 
completely  prevent  disorientation.  I  have  no  suggestion  to  make  concerning  the  way  instrument 
displays  could  be  improved. 

Y'ou  have  shown  that  disorientation  happens  in  many  types  of  aircraft  and  operational  roles  and 
is  hence  an  ubiquitous  phenomenon.  Most  aircrew  have  had  experience  of  disorientation  -  it 
has  been  demonstrated  to  then  in  the  flight  environment.  Do  you  not  think  Chat  our  task  is  to 
teach  them  how  to  live  with  disorientation  rather  to  demonstrate  disorientation  to  them  on  th2 
ground? 

Your  point  is  a  valid  one  and  I  agree  with  you  that  the  place  to  learn  about  how  to  cope  with 
disorientation  is  in  the  air.  Nevertheless  1  feel  chat  student  aviators  and  perhaps  maty 
experienced  pilots  benefit  from  the  demonstration,  on  the  ground,  of  illusory  vestibular 
sensations.  It  reminds  them  of  the  strength  of  these  illusions  and  provides  a  justification 
for  the  eft  repeated  instruction  -  believe  the  inatruments. 

Do  you  think  that  the  problem  of  disorientation  has  been  changed  either  in  magnitude  or 
frequency  of  occurence  by  the  developments  of  higher  performance  aircraft  with  -heir  greater 
accelerative  forces  and  consequently  greeter  stimulation  cf  the  vestibular  system? 

The  incidents  reported  in  the  recent  survey  were  much  the  same  as  those  reported  by  jet  pilots 
in  1356.  It  would  seen  that  pilots  of  high  performance  aircraft  suffer  the  same  type  of 
disorientating  experiences  as  pilots  of  other  aircraft.  One  might  expect  the  incidence  and 
intensity  of  incidents  was  higher  but  the  questionnaire  provided  no  direct  evidence  of  this. 
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Directorate  of  flight  Safety  (RAF) 
Ministry  of  Be fence  (UK) 


INTRODUCTION  AND  AH! 

1.  This  paper  is  based  on  the  Royal  Air  Force  Directorate  of  flight  Safety  records  of  ir.vesr' ration  into 
flying  accidents  where  disorientation  was  a  confirmed  or  probable  cause.  The  period  of  review  is  ’.he 
decade  1560-1970.  Prior  to  this  period,  and  in  fact  extending  back  into  World  Bar  2,  disorientation  re¬ 
ceived  little  if  any  mention  in  tfc®  accident  records  despite  there  having  been  cany  accidents  in  the  l$4Cs 
and  the  1950s  which  today's  investigation  boards  would  certainly  ascribe  to  this  cause.  The  paucity  of 
early  records  of  the  phenomenon  stemmed  free  a  lack  of  understanding  on  the  part  cf  the  pilots  who  exper¬ 
ienced  it  and  survived  ar.d,  probably  to  an  even  greater  degree,  from  the  pilots'  fears  that  an  attack  of 

"the  leans"  -  or  whatever  name  they  chose  to  give  to  their  ciscccforting  experience  -  indicated  a  lack  of 
fitness  for  their  duties  if  formally  reported.  Ko7.ever,  the  advance  of  aercoedica!  training  provided 
pilots  with  a  greater  understanding  and  awareness  of  the  problem  and  during  the  1960s  an  attack  of  dis¬ 
orientation  gradually  ceased  to  be  a  rather  shareful  secret  to  bo  whispered,  if  at.  all,  no  further  than  a 
squadron  coffee-bar. 

2.  The  aim  of  tin  paper  is  to  present  an  analysis  of  the  RAF/Arsy  disorientation  occurrences  end,  from 
the  findings,  to  seek  any  areas  where  research  on  aerocedical  lines  might  bo  profitable.  The  aut5:or  is 
conscious  of  treading  the  fringes  of  the  aerocedical  field  in  which  he  is  not  competent  and,  whilst  attemp¬ 
ting  to  restrict  any  concents  and  conclusions  to  the  operational  and  flight  safety  fields,  apologises  for 
any  occasion  on  which  he  nay  have  transgressed  the  boundary. 

DISORIENTATION  STATISTICS 

3.  Figure  A  shows  the  overall  RAF/Amy  record  of  disorientation  accidents  and  incidents  for  the  period 
of  review.  Incidents  are  occurrences  where  minor  or  no  aircraft  dacage  was  sustained,  most  of  which  are 
straightforward  pilot  reports  of  a  disorientation  experience?  accidents  are  occurrences  where  serious  or 
write-off  dacage  was  sustained  and  include  a  high  proportion  of  fatalities.  A  fatal  accident  is  only 
included  as  a  disorientation  case  if  the  investigation  board  clearly  found  this  to  be  the  probable  cause. 
Annual  flying  hours  decreased  by  a  small  amount  over  the  whole  period  and,  with  one  exception,  there  is  no 
special  significance  in  tha  way  the  disorientation  figures  vary  throughout  t..e  period;  the  exception  is  the 
peaicing  cf  the  incidents  in  the  second  quinquennium  which  is  almost  certainly  due  to  a  publicity  campaign 
in  the  niddle  period  which  acknowledged  the  existence  cf  the  problem  and  encouraged  pilots  to  report  their 
disorientation  experiences.  The  campaign  cay  also  have  led  investigation  boards  to  establish,  with  a  high 
degree  of  probability,  disorientation  as  a  cause  of  certain  fatal  accidents  in  the  second  half  of  the 
period,  producing  the  increase  apparent  in  the  figures.  In  other  words  the  higher  figures  fer  the  second 
half  are  considered  to  be  nearer  to  the  true  level  tiian  those  for  the  earlier  years. 

AIRCRAFT  TYPES  INVOLVE)  IN  DISORIENTATION  OCCURRENCES 

4.  The  first  step  ir.  the  analysis  of  the  statistics  was  to  classify  the  record  broadly  by  aircraft  types 
involved;  the  table  at  Figure  B  gives  the  result.  To  establish  any  significant  predominance  of  one  aircraft, 
or  group  of  aircraft,  it  is  necessary  of  course  to  determine  the  proportion  of  flying  effort  by  the  type  or 
types  in  the  organisation  providing  the  total  sample.  The  figures  given  show  that  5  aircraft  incurred  sign¬ 
ificantly  sore  disorientation  occurrences  than  the  rest  of  the  aircraft  in  the  records,  namely',  producing 
63$s  of  the  total  disorientation  occurrences  whilst  providing  only  31,-’  of  the  total  flying.  This  group 
comprised  the  Canberra,  employed  mainly  cn  recornaiscor.ee  and  lcw-level  strike;  the  Hunter,  reconnaissance 
ar.d  close  air  support;  the  Lightning,  air  defence;  the  Jet  Frovost,  basic  pilot  training;  and  the  Sioux 
helicopter,  Amy  observation. 

5.  The  presence  of  the  Sioux  in  the  group  in  explained  by  the  fact  that  until  very  recently  the  aircraft 
was  not  fitted  with  a  complete  instrument  flying  panel  and  flyir.g  ir.  Instrument  licteorclogical  Conditions 
(B!C)  was  not  permitted;  however,  Sioux  pilots  in  the  nature  of  their  role  inadvertently  entered  EC  on 
several  occasions  and  were  then  inadequately  equipped  to  withstand  ar.d  overcome  disorientoticn  effects.  Cf 
the  remaining  A  aircraft,  the  Jet  Provost  is  flown  a  considerable  amount  by  very  inexperi weed  solo  student 
pilots  and  it  could  be  expected  that  the  risks  of  disorientation  are  particularly  high  with  this  class  of 
pilot;  the  Canberra,  Editor  end  lightning  are  all  aircraft  whose  role  demands  more  extreme  manoeuvres  than 
any  other  aircraft,  together  with  high  rates  cf  climb  ar.d  descent  which  bring  rapid  change;:  in  flight 
conditions.  It  seems  therefore  that  there  are  satisfactory  explanations  for  the  appearance  of  these  air¬ 
craft  in  the  "lit gher  ri«rtc"  disorientation  group.  A  corollary  of  this  aircraft  grouping,  implicit  in  the 
table,  is  that  pilots  of  the  heavier  ar4  slower  aircraft,  ir.  roles  where  only  moderate  manoeuvres  and  less 
rapid  changes  of  flight  conditions  ere  involved,  are  less  exposed  to  disorientation  -  a  conclusion  wiiich 
could  be  regarded  as  a  statement  of  the  obvious,  but  which  statistical  confirmation  is  nevertheless 
welcome. 

CLASSIFICATION  0?  DISORIENTATION  ACCEEH.TS 

6.  The  next  stop  was  to  analyse  an  classify  the  disorientation  accidents  in  order  tc  determine  any  sign¬ 
ificant  pattern  and  to  identify  any  particular  circumstance  which  might  be  predominant.  The  results,  cover¬ 
ing  the  total  cf  25  accidents  in  the  period,  are  tabulated  at  Figure  C.  In  16  of  the  accidents  the  pilot 
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AIRCRAFT  INVOLVED  IN 
DISORIENTATION  OCCURRENCES 
1960-70 


TYPE 

PERCENTAGE  OF 
DISORIENTATION 
OCCURRENCES 

PERCENTAGE  OF 
TOTAL 

FLYING  TIME 

CANBERRA 

J.  PROVOST 
HUNTER 
LIGHTNING 
SIOUX 

81% 

31% 

OTHER 

AIRCRAFT 

19% 

69% 

Fig.C 


CLASSIFICATIOK  OF  DISORIHlTATIOH  ACCEEJTS  RAF  1560-1970 


Serial 

Disorientation  Cause 

Accidents 

Aircraft  and  Relevant  Dotail 

1 

Tiosb  of  control  after 
entering  EC  during 
manoeuvre 

9 

5  Canberra  -  day;  3  low  level,  2  high  level 

4  Hunter  -  day;  3  Tow  level,  1  high;  3  inexperienced 

3  Jet  Provost  -  2  night;  3  inexperienced 

2 

loss  of  control  in  EC, 
level  or  descending 

6 

2  Scout  -  1  night;  1  inexperienced 

1  Hunter  -  day;  low  level  navex 

* 

2  Hunter  -  day;  2  low  level,  bright  ha2e;  1  inexperienced 

1  Hunter  -  night;  aeso*rding  in  moonless  haze 

Hying  'contact'  by 
misleading  external 
references.  Disorient¬ 
ation  unrecognised  by 
pilot 

1  Canberra  -  day;  sun  glare  on  landing 

3 

6 

1  Jet  Provost  -  night;  shortly  after  take  off;  inexporicncec 

1  Scout  -  night;  moonless  conditions  after  searchlight 
exercise;  inexperienced 

4 

Loss  of  control  after 
losing  formation  leader 
in  EC 

3 

3  Hunter  -  day;  2  inexperienced 

5 

Less  of  control  in  EC 
due  to  lack  of  aircraft 
1?  facilities 

5 

5  Sioux  -  3  night;  2  inexperienced;  aircraft  new  fitted 
with  I/F  panel 

was  killed  and  the  cause  could  not  he  conclusively  established,  tout  these  18  accidents  cere  included  in 
view  of  the  investigation  hoard's  formal  findings,  in  each  case,  of  disorientation  as  a  probable  or  possible 
cause;  in  fact;  in  almost  all  of  these  cases  the  finding  was  very  near  to  certainty, 

7.  She  following  points  either  emerge  from  Figure  C  or  should  be  borne  in  oir.d  when  considering  what 
conclusions  can  be  drawn  free;  the  analysis  it  provides: 

a.  T.'ith  the  exception  of  the  Lightning  all  the  aircraft  which  predominate  in  the  total  record  of 
disorientation  (Figure  3)  also  predominate  in  the  accidents.  However,  the  5  Sioux  helicopters  in 
Serial  5  nay  he  regarded  as  of  little  si^iificanco  for  this  study.  For  the  whole  of  the  review 
period  this  aircraft  was  unequipped,  end  not  cleared,  for  instrument  flying;  it  was  to  be  expected 
therefore  that  on  the  occasions  where  instrument  conditions  where  inadvertently  entered  disorienta¬ 
tion  would  be  likely  to  follow  rapidly. 

b.  The  cost  freo.uent  cause  of  disorientation  accidents,  Serial  1,  is  revealed  as  the  sudden  enter¬ 
ing  of  EC  in  conditions  of  high  "g"  and  large  angles  of  bank  and  pitch.  These  accidents  dearly 
highlight  the  flying  skill,  together  with  rapid  physical  and  mental  readjustment,  required  of  a 
pilot  in  ouch  conditions. 

c.  The  cause  under  Serial  4  is  a  modified  form  of  Serial  1  but  merits  separate  treatment  not  least 
for  the  reason  tSsot  any  remedial  measures  would  be  of  a  very  specialised  nature.  The  disorientation 
situation  cn  losing  formation  in  cloud  is  compounded,  as  the  author  knows  from  experience  and  from 
many  conversations  with  pilots,  by  the  pilot  suffering  rolling  or  banked  sensations  -  often  quite 
severe  -  up  to  the  moment  of  losing  sight  of  the  formation  leader:  his  problem,  then  of  rapid  transfer 
to  accurate  instrument  flight  is  significantly  increased. 

d.  The  accidents  under  Serial  2  confirm  what  is  probably  a  generally  accepted  fact,  that  even  in 
conditions  of  little  stress  and  no  sudden  confrontation  with  EC,  pilots,  especially  if  inexperienced, 
may  not  possess  or  exercise  sufficient  skill  to  withstand  disorientation  and  fly  correctly  on 
instruments. 
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e.  The  icol' er.ts  under  Serial  3,  all  tut  one  of  which  were  fatal,  havo  been  clasced  under  disorient-  3 
ation  el  houji  they  differ  markedly  from  nil  the  other  accidents  in  that  the  pilots  did  not  appear  to  p 
lose  control  of  the  aircraft  on  instruments,  but  continued  to  fly  by  misleading  external  references,  1 
invariatlj  including  an  indistinct  horizon,  until  tno  aircraft  hit  the  surface.  If  tnis  behaviour  8 
is  accepted  as  a  fern  of  disorientation  i.  differs  from  oil  other  forms  in  remaining  undetected  by  fi 
the  pilots,  who  continued  tc  fly  in  what  :hoy  appear  to  have  been  convinced  was  a  safe  and  correct  3 
attitude  up  tc  the  moment  of  the  crash.  || 

% 

f.  The  table  also  records  the  night  flyiig  accidents  and  those  involving  experienced  pilots.  The 

proportion  oi  night  accidc;  cs  and  nccide-.ts  by  inexperienced  pilots  are  both  approximately  doublo  1 
the  figure  to  be  expected  from  the  c-iounu  of  right  flying  carried  out  and  tho  experience-spectrum  S 
of  the  squadrons.  This  serves  to  ccr.firi.  two  genera- *y-held  opinions,  that  night  flying  and  inex-  | 
perienco  are  factors  predisposing  io  iiccrientation.  § 

* 

g.  Of  all  the  pilots  involved  in  the  acc  dents  only  one  is  recorded  as  having  had  any  significant  | 
medical  history  such  as  previous  disorientation  or  recent  ear/throat  infection.  This  pilot  had  been  g 
receiving  treatment,  not  under  UAF  medical  sci races,  which  included  the  use  of  the  drug  belladonna.  a 


h.  It  is  perhaps  notew-rthy  that  there  have  been  no  accidents  caused  by  disorientation  during  land¬ 
ing  approach.,  a  type  of  accident  which  has  occurred  a  numuer  of  tines  to  other  operators.  The 
Canberra  landing  accident  in  Serial  3  barely  ..ualifies  for  tiJts  category  when  the  details  are  exam¬ 
ined,  being  occasioned  by  a  loss  of  control  at  the  point  of  touch-down  caused  by  a  combination  of 
bright  sun  on  a  salt-obscured  windscreen  iind  an  engine  malfunction. 

CLASSIFICATION  OF  DISOEISS&TICK  CCCUltRS.CnS 

e.  The  final  table,  Figure  D,  shows  the  olass-l'ication  of  disorientation  causes  for  all  occurrences, 
that  is  accidents  and  incidents,  for  w..ich  details  are  available.  The  5  Sioux  accidents,  due  to  ine’a- 
quate  aircraft  instrument  flying  facilities,  have  been  omitted,  as  have  3  similar  S.ioux  incidents.  The 
following  points  should  be  noted: 

a.  Serial  1-4  repeat  those  of  the  Accident  table  Figure  C,  and  it  can  be  seen  that  these  accident 
causes  also  figure  largely  as  causes  of  incidents. 

b.  Serials  5-5  represent  5  further  causes  of  disorientation  definable  from  a  study  of  the  incident 
reports.  The  high  figures  for  ear  infectioi  and  head  movement  coses  are  particularly  noteworthy; 
furthermore,  these  2  causes,  together  with  reaction  to  aircraft  lights  (Serial  0),  nay  well  have 
operated  in  some  cf  the  accidents  categorised  in  Serial  1-4  although  the  fact  co  id  not  ce  deter¬ 
mined  from  the  evidence  available. 


Fl'g.D  CLASSIFlCATICi  CF  LISCFJFNTATICN  CCCUERHXES  RAF  1?6C-1?70 


Serial 

DISCHISTSATTCK  CAUSE 

ACCEDFETS 

... 

— 

Eii:nu’rrs 

Reaction  to  manoeuvre  in  EX 

Q 

✓ 

l 

4. 

Reaction  to  entering  EX  level  or  descending 

6 

n 

3 

Eicleading  external  references  (undetected) 

6 

o 

* 

4  ■ 

Formation  in  EX 

3 

3 

5 

Rar  infection  or  other  physical  predisposition 

_  « 

14 

6 

landing  Approach  in  ETC 

C 

3 

Filot’s  head  movement 

-  * 

q 

8 

Reaction  to  external  aircraft  lights  in  EiC 

-  * 

_ 2 _ 

o 

Reaction  to  manoeuvre  in  V1X 

0 

4 

*  See  text  para  £b 
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c.  Although  not  shorn  in  the  table  the  proportion  of  night  accidents  confirmed  wliat  was  deduced 
from  tho  accident  records,  that  nicht  flying  can  predispose  to  disorientation.  However,  a  similar 
confirmation  was  not  obtained  for  inexperienced-pilot  coses.  Tho  proportion  of  inexperienced  pilots 
in  tho  incidents  tabulated  was  considerably  lower  than  in  the  accidents  and  did  not  support  the 
inference  drawn  from  the  accidents  that  inexperience  can  predispose  to  disorientation.  It  Eay  be 
that  in  spite  cf  the  increased  understanding  of  disorientation  in  flying  units  soae  inexperienced 
pilots  overcone  the  occasional  disorientation  problec  but  prefer  not  to  report  it. 

RELEVANT  AIRCRAFT  DESICS!  FEATURES 

9.  The  possibility  that  sone  characteristic  of  cockpit  structure  or  configuration  night  have  a  bearing 
or.  disorientation  was  considered,  the  2  most  likely  factors  being  pilot’s  seat  position  in  relation  to  the 
aircraft  centre  lino,  and  canopy  structure.  Analysis  of  the  aircraft  types  in  all  tho  occurrences  failed 
to  reveal  any  statistical  link  between  off-set  pilot  seating  and  disorientation.  Analysis  of  canopy 
structures  revealed  that  the  5  aircraft  in  tho  group  incurring  tho  highest  disorientation  rate  have 
cockpit  canopies  which  aro  either  coapletely  clear  and  fraaeless  or  have  nininal  framework,  thus  pro¬ 
ducing  a  bubble  effect  within  the  cockpit  in  certain  conditions.  It  is  not  suggested  that  this  reveals  a 
design  defect  in  these  aircraft;  because  of  thoir  roios,  referred  to  in  para  5»  they  require  the  provision 
of  maximum  clear  field  of  view  for  the  pilot.  However,  this  feature,  possessed  by  virtually  all  military 
aircraft  designed  for  these  roles,  undoubtedly  denies  tho  pilot  visual  reference  lines  present  in  more 
enclosed  cockpits. 

CONCLUSION 

10.  Whilst  emphasising  that  any  comments  under  this  hcaolng  are  offered  as  a  layman's  view  in  the  aero- 
medical  context,  the  author  would  draw  attention  to  tho  main  points  arising  fron  this  survey: 

a.  Of  the  classified  causes  of  disorientation  the  various  factors  listed  in  Serials  5-5  of  Figure  D 
are  ones  which  should  be  reducible  by  effective  supervision  and  indoctrination,  and  by  high  standards 
of  flying  training. 

b.  To  remedy  those  disorientation  causes  responsible  for  serious  accidents  as  well  as  incidents, 
Serial  1-4,  additions  or  modifications  to  instrument  flying  training  could  be  worth  seeking.  It 
night  be  possible  to  devise  methods  of  simulating  the  sudden  entry  of  BiC  either  in  ground  simulators 
or  airborne  training  which  would  arm  pilots  against  this  hazardous  situation,  although  this  would  not 
necessarily  oscist  in  tho  problem  of  undetected  disorientation,  Serial  3. 

c.  Tho  need  for  the  modified  training  teenniques  suggested  above  appears  to  be  greater  in  those  air¬ 
craft  employed  in  rapid-manoeuvre  roles  and  fitted  with  clear  or  relatively  unobstructed  canopies. 

11.  This  paper  has  attempted  to  identify,  from  the  RAF/Army  records,  the  significant  factors  pnd  hazard¬ 
ous  situations  in  the  disorientation  problem  from  a  military  point  of  view;  the  eutlior  hopes  that  it  may 
provide  some  points  from  which  could  bo  developed  an  aerenedical  contribution  to  flying  training,  partic¬ 
ularly  Ir.  the  sensitive  roles  ar.d  circumstances  described,  that  will  save  lives  and  aircraft  which  continue 
to  be  lost  from  known  disorientation  causes. 

DISCUSSION 

WOLBARSBT.  Is  there  a  possibility  that  the  pilot,  after  losing  the  lead  aircraft  when  flying  in  formation, 
is  not  immediately  able  to  gather  information  from  the  instrument  panel?  If  he  currently 
flics  several  type  of  aircraft,  a  momentary  confusion  as  to  which  panel  arrangement  is 
presently  appropn  .c  could  be  the  basis  of  a  short  term,  and  perhaps  fatal  disorientation. 

J1FTIKC.  In  our  ’loss  of  leader’  accidents,  none  of  the  pilots  were  currently  flying  more  aircraft 
than  the  subject  aircraft  and  its  training  variant.  I  can  therefore  do  no  more  than  agree 
with  the  questioner's  suggestion;  we  have  no  facts  to  support  or  contradict  it. 

DOBIE.  In  your  review  of  RAF  disorientation  accidents  you  found  a  high  inciden-e  when  visibility 

conditions  were  of  he  'fish-bowl'  type,  but  none  during  descent  and  landing.  Could  it  be 
that  in  the  former  situation  there  was  a  tendency  to  look-out  even  though  reliable  visual 
cues  were  minimal,  whereas  in  the  letter  the  pilot  tended  to  use  instruments  and  hence  have 
reliable  visual  cues?  The  situation  described  would  appear  to  be  explicable  on  this  basis, 

LOFTING.  If  the  pilot  looks  outside  in  conditions  of  poor  VKC,  as  he  will  be  forced  to  do  in  tactical/ 
combat  situations,  he  will  be  vulnerable  to  disorientation.  On  an  INC  approach  to  land  the 
pilot,  flying  on  instruments,  will  be  well  provided  with  visual  (instrument)  inputs,  but  if 
he  looks  outside,  as  he  must  eventually  do  at  his  minimum  approach  height,  he  cay  then  face 
an  external  visual  situation  similar  to  the  pilot  in  the  tactical  situation.  RAF  experience 
suggests  that  our  pilots  have  somehow  (as  a  result  of  training  techniques)  largely  avoided 
being  aisled  by  illusions  on  IMC  approaches,  though  accidents  cf  this  nature  have  been 
reported  by  other  operator!. 

During  this  discussion  the  possible  benefit  of  the  use  of  Head  Up  Displays  (HUD)  was  raised. 

It  was  suggested  that  this  type  of  instrument  makes  it  easier  for  the  pilot  to  transfer  from 
external  references  to  instrument  reference.  The  time  taken  to  re-establish  aircraft 
orientation  should  be  reduced,  so  the  opportunity  for  the  pilot  to  become  disorientated  should 
also  be  less  than  with  conventional  instruments.  However,  at  least  one  speaker  pointed  out 
that  the  cues  provided  by  the  HUD  were  still  symbolic  and  though  a  lot  of  information  was 
presented  within  a  ssa)l  visual  angle* coning  of  attention  had  been  reported  with  this  type  of 
dis' 


It  was  agreed  that  information  about  tac  relative  incidence  of  disorientation  in  aircraft  with 
a  Head  Up  Display  ahd  in  these  with  convcn  ional  instruments  would  be  valuable. 
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To  initiate  the  action  necessary  to  establish  the  magnitude  of  the  orientation-error  problem  in  Army 
aviation,  on  inferservice  research  program  was  organized  under  the  joint  sponsorship  of  the  U.  S.  Army 
Aeromedicol  Research  Laboratory,  the  U.  S.  Army  Board  for  Aviation  Accident  Research,  and  the  Naval 
Aerospace  Medical  Research  Laboratory.  The  first  step  was  the  construction  of  on  operational  defin-tien 
of  an  orientation-error  acciden! .  The  assimilation  of  dota  pertoining  to  the  incidence  and  cruse  of  such 
accidents  and  their  actual  and  relative  costs  in  terms  of  fatalities,  injuries,  and  aircraft  damage  was  then 
set  as  the  working  object  *  of  the  program.  Accordingly,  the  decision  was  made  to  implement  a  five- 
year  longitudinal  study  of  ail  me'  *r  and  minor  orientation-error  accidents  involving  Army  Aviotion  flight 
operations  beginning  with  July  06. 

Incidence  and  cos*  data  are  presented  for  allArmy  Aviotionmajor  and  minor  orientation-error  acci¬ 
dents  detected  in  the  search  of  the  accident  files  for  the  period  July  1966  to  July  1967.  Separate  and 
totalized  statistical  data  are  provided  for  fixed  wing  and  rotary  wing  aircraft  as  well  as  for  accidents 
occurring  iri  Vietnam  and  those  occurring  elsewhere. 


Orientation-error  accidents  arising  from  a  pilot's  erroneous  perception  of  the  true  spotiol  motion  or  true  spaticl  atti¬ 
tude  of  his  aircraft  have  been  long  recognized  as  a  significant  aviotion  safely  problem.  In  the  flight  environment  man  finds 
little  difficulty  in  coircstly  perceiving  his  spatial  orientation  when  cl'arly  defined  geographical  landmarks  are  available 
without  illusory  artifact.  When  these  visual  references  are  not  present,  as  is  often  the  cose  during  bod  weather  or  night 
flight  missions,  man's  vestibular  mechanisms  and  other  relofed  nonvisuol  sensory  processes  become  the  predominant  source  of 
internally  derived  spatial  orientation  information.  Though  these  systems  function  well  in  the  normal  tcrrertnal  environment, 
this  is  not  the  case  in  the  flight  situation.  Here  man  can  be  exposed  to  simple  and  complex  combinations  or  forces  and 
torques  that  elicit  sensations  of  movement  and  perceptions  of  orientation  which  moy  be  in  complete  conflict  with  the  actual 
motion  or  attitude  of  the  aircraft.  Even  with  cleor  visibility,  the  some  form  of  erroneous  sensations  and  perceptions  con 
result  if  the  pattern  of  the  external  environment  is  conducive  to  ‘he  elicitation  of  visual  illusions.  For  example,  pilot  errors 
can  arise  in  the  perception  of  aircraft  motion  during  hovering  flight  over  fast  moving  water  or  within  wind  driven  smoke  or 
dust  clouds;  in  the  perception  of  aircraft  ettitude  when  sloped  terrain  is  interpreted  as  being  level,  or  a  tilted  cloud  border 
or  slanted  tree  iine  is  perceived  os  representing  the  horizon;  or  in  the  perception  of  altitude  during  flight  over  water  or 
similar  planar  terrain  without  clearly  defined  landmarks. 

When  such  errors  in  spatial  perception  occur,  the  result  moy  merely  be  a  mild  confusion  of  the  pilot  as  to  some  motion, 
attitude,  or  altitude  parameter.  If  the  error  is  quickly  recognized,  th»  pilot  con  take  action  to  estoblis!)  his  true  perspective 
in  space  by  using  some  other  orientation  reference  whether  it  be  a  specific  instrument  or  a  different  set  of  exterior  landmarks. 
At  the  other  extreme,  the  pilot  moy  suffer  intense  vertigo  that  seriously  degrades  his  control  ability.  Equally  dangerous  is  the 
situation  where  the  pilot  unknowingly  experiences  disorientation  and  controls  his  aircraft  in  accordance  with  his  erroneous 
concept  of  its  true  motion.  In  oil  cases,  there  exists  the  potential  for  on  orientotion-error  type  accident,  with  the  level  of 
probability  of  occurrence  keyed  to  such  factors  cs  the  type  of  aircraft  being  flown,  the  type  of  mission  being  undertaken, 
and  the  phase  of  flight  where  the  disorientation  event  is  manifested. 

Though  such  disorientation  experiences  have  received  considerable  research  attention  from  both  the  aviotion  safety 
and  eviction  medicine  personnel  in  the  past,  the  advent  of  more  demanding  cos»-er:ectivcncs$  programs  will  greotly  in'luence 
the  extent  of  the  support  to  be  given  to  such  research  projects  in  the  futuro.  In  brood  terms,  the  rescorch  man-hours  and 
dollars  to  be  expended  on  a  given  operational  problem  will  be  scolcd  in  accordance  with  the  actual  magnitude  cr  cost  of  the 
problem.  For  the  cose  of  pilot  disorientation  research  in  military  aviction,  the  extent  of  support  to  be  mode  ovailoble  will 
be  keyed  to  the  exact  magnitude  of  the  orientotion-error  accident  problem.  In  effect,  research  support  will,  directly  or 
indirectly,  be  hosed  on  the  over-all  cost  of  orientotien-error  accidents  in  terms  of  personnel,  oircrof!  damage,  end  degraded 
mission  performance.  Unfortunately,  though  spatial  orientotion  difficulties  are  known  to  contribute  to  Army  aircraft  acci¬ 
dents  (1-4),  few  quantitative  data  arc  available  to  adequately  describe  the  actual  magnitude  cf  the  orientation-error  acci¬ 
dent  o-  jbiem  cither  in  terms  of  the  incidence  and  cost  of  such  accidents  in  relationship  to  themselves  or  in  their  proportion¬ 
ate  .ctationship  to  the  over-all  accident  prob'em. 


"  -Z-  _ .  =#''  ^  -?  - 


A3-2 

With  the  objective  of  gaining  such  data  for  orientation-error  accidents  occurring  in  Army  aviation,  the  authors  organ¬ 
ized  an  interservicc  (.search  program  under  the  joint  sponsorship  of  the  U.  S.  Army  Aeromedicol  Research  Laboratory 
(USA  ARL',,  U.  S.  Army  8ocrd  for  Aviation  Accident  Research  (USABAAR),  and  the  Naval  Aerospace  Medicol  Research 
Laboratory  (NAMRL).  The  basic  plan  of  the  program  is  to  conduct  a  five-ycor  longitudinal  study  of  the  USABAAR  Occident 
records  so  os  to  identify  all  major  ond  minor  orientation-error  accidents  that  occurred  in  Army  Aviotion  flight  operations 
beginning  with  July  1966.  In  this  report,  o  summary  is  made  of  the  incidence  ond  cost  of  all  orientation-error  accidents 
detected  in  the  search  of  the  Occident  files  for  the  period  July  1966  to  July  1967.  The  data  cover  all  Army  Aviation  flight 
ooeroticns  involving  oil  fixed  wing  aircraft  and  all  rotary  wing  aircraft.  Separate  ond  totalized  statistical  data  are  pro¬ 
vided  for  both  form;  of  aircraft  os  well  as  for  accidents  occurring  in  Vietnam  ond  those  occurring  elsewhere. 

To  initiate  the  program  it  wc:  necessary  to  establish  a  workable  definition  of  the  class  of  accidents  to  be  identified 
as  orientation-error  accidents.  Ir  wili  be  recognized  by  investigators  actively  engaged  In  av-orion  safety  research  that  the 
cliche  “easier  soid  thon  done"  is  most  appropriate  for  this  task.  There  would  be  little  difficulty  in  identifying  accidents 
involving  pilot  disorientetion  if  the  latter  always  manifested  itself  in  the  extreme  where  o  pilot  calls  out  that  he  is  experi¬ 
encing  severe  vertigo  and  is  having  difficulty  controlling  his  oircroft.  Similarly,  when  visibility  is  poor  or  the  visual  en¬ 
vironment  conducive  to  illusions,  the  tosk  of  identifying  an  Occident  as  being  related  to  difficulty  in  maintaining  spatial 
orientation  is  not  tco  difficult.  However,  when  the  factors  surrounding  a  given  accident  become  borderline  as  to  whether 
or  not  a  pilot  made  an  orientation  error,  it  is  of  the  essence  that  the  accident  classifier  be  given  some  appropriate  criteria 
to  help  him  moke  the  classification  decision.  Although  any  definition  of  orientation  error  will  be  compromised  at  times  by 
one  or  more  unique  features  of  a  given  accident,  it  was  felt  that  a  workable  classifying  system  could  be  developed  for  the 
majority  of  the  accident  types  to  be  encountered  in  our  review. 


DEFINITION  OF  ORIENTATION-ERROR  ACCIDENTS 

First,  the  term  orientation  is  considered  to  involve  the  correct  determination  of  the  dynamic  position  and  attitude  of 
on  aircraft  in  three-dimensional  space.  The  key  word  here  is  dynamic,  which  implies  thoi  full  knowledge  of  the  motion  as 
well  as  static  attitude  or  position  of  an  aircraft  is  required  to  define  its  instantaneous  spatial  orientation.  For  a  pilot  to 
have  a  full  comprehension  of  his  orientation,  it  is  essential,  for  example,  that  he  be  able  to  describe  the  stotic  pitch  ond 
roll  attitude  of  his  aircraft  relative  to  some  external  reference  such  ox  the  Earth-vertical  defined  by  the  gravitational  vec¬ 
tor;  his  yaw  attitude  relative  to  some  geographical  heading;  the  lineor  velocity  cf  the  aircraft,  with  or  without  attendant 
linear  acceleration,  in  terms  of  forward,  left-right,  ond  up-down  motions;  and  the  anguiar  velocity  of  the  aircraft,  with  or 
without  attendant  angular  acceleration,  in  terms  of  roll,  pitch,  ond  yaw  rotary  motions  of  the  aircraft.  Thus,  for  a  fully 
oriented  fixed-wing  aircraft  pilot,  typical  information  inputs  would  include  knowledge  of  the  forward  spc-cd  of  the  aircraft, 
the  vertical  speed  it.  terms  of  either  climb  or  descent  rates,  sideward  drift  velocity,  pitch  ond  roll  ottitude,  os  well  os  bank 
angles,  angle  of  attack,  et  cetera.  In  landing  or  rendezvous  operations,  recognition  of  the  effects  of  these  aircraft  motions 
on  absolute  distance  must  be  mode  to  ensure  thar  the  aircraft  does  not  undershoot  or  overshoot  a  preselected  touchdown  or 
rendezvous  point. 

The  rotary-wing  aircraft  pilot  requires  similar  information.  However,  during  low-level  hovering  conditions,  addi¬ 
tional  information  is  required  in  the  form  of  linear  velocity  in  the  backward  as  well  as  forward  direction.  Unfortunately, 
the  majority  of  the  currently  operational  helicopters  do  not  -eve  instruments  that  provide  this  bockword  velocity  or,  for 
that  matter,  sideward  drift  velocity,  information.  The  usual  lack  of  short-range  radar  altimeters  in  helicopters  is  another 
problem  confronting  the  rotary-wing  c-rcroft  pilot  during  low-level  operations  performed  with  poor  ground  visibility. 

By  this  definition  of  the  word  orientation,  it  follows  that  c  pilot  will  be  considered  to  hove  mode  on  orientation  error 
whenever  his  perception  of  the  motion  and  attitude  cf  his  aircraft  differs  from  the  true  motion  and  attitude;  i.e.,  the  true 
orientation  of  the  aircraft.  The  exact  magnitude  of  cn  orientation  error  will  obviously  vory  o/er  n  wide  range.  In  the  cose 
where  a  pilot  suffers  severe  vertigo  and  completely  loses  ell  perception  of  either  oir-raft  motion  cr  aircraft  attitude,  the 
probability  of  a  large-scale  orientation  error  is  high,  os  is  the  probability  of  on  accident  if  the  disorientotion  is  prolonged 
or  is  experienced  at  a  critical  control  phase  within  the  flight.  In  another  case,  the  pilot  moy  sense  or  feel  thot  the  oircroft 
is  climbing  or  turning  when  in  actuality  it  moy  be  flying  straight  ond  level.  If  during  tnis  disorientotion  experience  the 
pilot  accepts  that  his  scn;otions  define  the  orientation  of  the  aircraft,  then  an  orientation  error  is  present.  However,  if 
hn  realizes  that  his  sensation;  a;c  in  conflict  with  onothcr  input,  soy  the  oircroft  instruments,  ond  intellectually  arrives  ot 
the  correct  judgment  of  the  true  motion  ond  ottitude,  then  though  the  pilot  is  experiencing  disorientotion,  on  orientotion 
error  does  not  result. 
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Initially,  then,  an  orientation-error  accident  can  be  defined  os  one  thot  occurs  os  o  result  of  on  incorrect  control  or 
power  action  taken  by  a  pilot  due  to  his  incorrect  perception  cf  the  true  motion  and  attitude  of  his  aircraft.  Usrog  this 
definition,  cn  Occident  elossifier  can  place  primary  empnasis  on  determining  whether  or  not  the  Occident  involved  on  erro¬ 
neous  judgment  of  orientation  on  the  port  of  the  pilot.  It  follows  that  questions  pertaining  to  the  causes  of  the  orientotion 
error,  or  its  manifestation  to  the  pilot,  need  not  be  immediate!/  answered  during  the  initio)  classification. 

There  must,  however,  be  several  qualifications  to  this  definition.  For  instance,  the  accident  situation  must  be  one 
in  which  the  demands  an  pilot  skill  ore  recsonobls.  To  illustrate,  consider  o  helicopter  pilot  who  hos  a  main  rotor  strike  os 
o  result  of  landing  from  a  hover  in  a  nonlcvcl  ottitude,  say  with  on  excessive  roll  cnglc.  This  is  on  orienfot ion-error  acci¬ 
dent  involving  incorrect  perception  of  aircraft  ottitude.  The  causes  of  the  orientotion  error  could  be  much  varied,  ranging 
from  inottenticn  to  instruments,  o  tilted  horizon  line,  visual  illusions  produced  by  a  nearby  moving  aircraft,  or  distraction. 
A  simple,  but  cssentiol,  assumption  is  thot  the  pilot  did  nol  deliberately  fly  h:«  aircraft  into  the  ground.  However,  if  in  o 
similor  landing  from  a  hover  situation,  o  nearby  helicopter  flies  over  the  given  aircraft  end  produces  severe  rotor  downwosh 
or  turbulence,  ond  the  end  result  is  o  similar  rotor  strike,  the  accident  would  not  be  classified  os  on  oriental  ion-error  Occi¬ 
dent.  It  is  not  reasonable  to  expect  the  pilot  to  maintain  both  perception  ond  control  of  aircraft  orientotion  under  these 
conditions.  In  like  manner,  o  tail  rotor  strike  resulting  from  excessive  flare  applioo  by  the  pilot  in  o  lending  formation  to 
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ovoIJ  striking  ono'her  aircraft  making  an  unauthorized  takeoff  would  not  be  classified  os  an  orientation  .rror  accident. 

But  again,  if  this  tail  rotor  strike  occurred  during  a  routine  uninterrupted  landing,  it  would  fall  into  our  classification  since 
the  pilot's  perception  of  closing  rate  or  pitch  angle  was  incorrect. 

A  further  qualification  involves  accidents  associated  with  navigation  errors.  Though  knowledge  of  heading  is  perti¬ 
nent  *o  orientation,  accidents  involving  navigation  mistakes,  ana  only  navigation  mistakes,  are  not  classified  os  orientation- 
error  accidents.  That  is,  if  a  piiot  strikes  a  hillside  as  a  result  of  flying  a  course  of  100  degrees  instead  of  200  degrees,  the 
error  is  one  of  navigation,  not  oiientation.  In  this  lespecf,  the  word  misoiientation  has  received  some  usage  to  account  for 
navigation  errors.  However,  if  in  addition  to  being  on  the  wrong  course  or  heading,  a  pilot  is  having  difficulty  controlling 
his  aircraft  and  an  accident  results  because  01  this  difficulty,  on  orienlation-errer  Occident  classification  woula  generally 
resuit. 

Accidents  resulting  from  collision  with  unseen  objects,  e.g.,  a  wire  strike,  are  also  not  included  if  the  collision 
occurs  during  normal  controlled  flight.  However,  if  a  hovering  pilot  allows  his  aircraft  to  drift  backward,  without  detec¬ 
tion,  ond  finally  to  impact  ogoinst  on  unseen  object,  an  orientation-error  classification  would  result.  That  is,  collisions 
of  this  sort  are  inciuded  only  when  they  derive  from  an  orientation  error. 

As  qualified  by  all  of  the  above,  an  orientotion-error  accident  is  thus  said  to  occur  whenever  an  accident  results 
from  a  pilot's  incorrect  perception  of  his  true  motion  and  attitude  in  space.  The  orientation  error  may  ronge  from  a  com¬ 
plete  loss  of  all  knowledge  of  orientation  ‘o  simple  confusion  os  to  only  one  of  the  many  motion  ond  ottitnde  parameters 
required  to  be  recognized  by  the  pilot.  Or,  as  mentioned  previously,  the  pilot  moy  never  realize  that  the  motion  or  atti¬ 
tude  of  his  aircraft  is  gradually  changing  so  as  to  be  soon  unfavorable  to  safe  flight. 

ACCIDENT-FILE  SEARCH  PROCEDURES 

With  this  definition  of  orientation-error  accidents  serving  as  a  classification  reference,  a  comprehensive  search  was 
made  of  the  USA3AAR  accident  files  to  determine  all  major  and  minor  accidents  (as  defined  in  refs.  5,6)  that  occurred  in 
Army  Aviationflighf  operations  from  July  1966  to  July  1967.  This  search  involved  having  o  classifier,  with  previous  experi¬ 
ence  in  detecting  disorien  tat  ian/vertigo  accidents,  read  each  and  every  accident  brief  in  the  master  files.  These  briefs 
covered  all  types  of  accidents  in  all  types  of  aircraft,  fixed  wing  end  rotary  wing,  and  included  accidents  occurring  in 
Vietnam  os  well  os  those  occurring  in  oil  other  locations. 

Far  redundance,  the  entire  accident  file  wos  o!to  searched  by  meons  of  the  coded  summaries  thot  USABAAR  prepares 
for  each  accident.  These  summaries,  in  punched  card  form,  list  the  essential  background  data  of  a  given  accident  as  well 
os  the  primary  causal  factors.  The  objective  was  to  obtain  the  Occident  identification  number  of  oil  accidents  involving 
vertigo,  disorientation,  poor  visibility,  bad  weather,  obstructed  vision,  night  flight  difficulties,  visual  illusions,  and  the 
like. 

Upon  completion  yf  these  two  searches,  the  authors  reviewed  the  accident  briefs  independently  for  the  purpose  of 
establishing  whether  or  not  on  cricntof ion-error  accident  classification  would  result.  In  oddillon,  the  comprehensive  moster 
file  on  each  suspect  accident  was  obtained  and  reviewed.  Whenever  there  wos  serious  question  as  to  the  contribution  of 
orientation  error  to  the  accident,  or  where  equally  weighted  alternative  causal  factors  existed,  then  the  accident  was  not 
included  in  the  clcssificofion.  The  net  effect  of  this  policy  is  to  give  o  conservative  estimate  of  the  magnitude  of  the 
orientotion-error  accident  problem. 

An  analysis  wos  then  made  of  the  cost  of  eoch  of  these  accidents  in  terms  of  personnel  end  dollars.  In  addition,  the 
statistical  section  of  USABAAP.  wos  asked  to  compile  equivalent  incidence  ond  cost  data  pertaining  to  ')  accidents  of  oil 
forms,  ond  2)  Occidents  considered  to  involve  pilo}-e'  nr  factors.  These  doto  ore  used  to  establish  a  baseline  reference  for 
evaluation  of  the  rclotive  magnitude  of  the  orientofic  error  Occident  problem. 

RESULTS  AND  DISCUSSION 

Before  the  operational  significance  of  orientotion-error  accidents  eon  be  placed  in  proper  perspective,  it  is  accessory 
to  have  at  lecst  o  cursory  understanding  of  the  incidence  and  costs  of  oircroft  Occidents  ir,  general.  To  provide  this  back¬ 
ground,  the  first  section  to  follow  is  devoted  to  describing  the  over-oil  cost  of  oil  Army  Aviation  oircroft  accidents,  regard¬ 
less  of  type  or  location,  that  occurred  during  the  year  beginning  July  1966.  In  o  second  section,  equivalent  doto  in  a  near 
identical  format  ore  presented  to  separately  identify  those  Occidents  in  the  first  section  thot  were  classified  by  USABAAR  as 
involving  one  or  more  pilot-error  factors.  Cost  stctisfics  pertaining  to  only  orientotion-error  accidents  ore  then  presented 
in  o  third  section.  By  using  these  three  sets  of  dato  os  independent  references,  it  then  becomes  possible  to  cstoblish  some 
quantitative  insight  into  the  relative,  os  well  at  actual,  cost  of  crientotion-orror  accidents  in  Army  Aviation  flight  operations. 
Selected  comparative  relationships  of  this  type  ore  presented  in  the  lost  section  of  the  report. 

ALL  TYPES  OF  AIRCRAFT  ACCIDENTS 

The  dote  presented  In  this  section  describe  the  incidence  ond  cost  of  oil  mojor  ond  minor  oircroft  accidents  involving 
oil  Army  Aviotion  flight  operations.  Separate  dato  groupings  ore  provided  for  Occidents  involving  only  fixed  ’ving  (FW)  Air¬ 
craft,  only  rotory  wing  (RW)  oircroft,  ond  their  combined  totol.  In  addition,  for  eoch  of  these  three  stotistco!  groupings, 
the  date  ore  divided  into  those  Occidents  thot  occurred  in  Victnom,  those  accidents  thot  occurred  elsewhere,  ond  their  com¬ 
bined  total.  Since  the  vast  majority  of  the  accidents  thot  do  not  occur  in  Vietnam  (VN)  tokc  place  within  the  continental 
limits  of  the  United  States,  the  abbreviation  US  is  arbitrarily  used  to  denote  oil  Occidents  Ihor  do  not  occur  in  Victnom. 

It  should  be  realized  then  thot  the  US  dote  grouping  will  include  o  small  number  of  Occidents  that  moy  hove  occurred,  for 
example,  in  Europe,  Africa,  or  elsewhere.  A  second  point  to  be  stressed  is  thet  the  VN  dote  pertain  strictly  to  Occidents, 
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•lot  losses  due  to  enemy  action. 

In  the  interpretation  of  the  accident  statistics  to  follow  ,  it  becomes  possible  to  com,  '  ond  RW  accident  inci¬ 
dence  or  VN  and  US  accident  incidence  only  when  some  common  measures  of  aircrat.  utilization  are  selec‘ed  ns  weighting 
factors.  To  establish  such  comparative  refeiences,  percent  aircraft  inventory,  total  flying  hojrs,  and  total  aircraft  landings 
are  used  as  basic  weighting  data  in  this  report.  These  data,  os  well  as  the  incidence  ond  cost  statistics  presented  in  this 
section,  are  summarizeo  :n  Table  I. 


TABLE  1 

ACCIDENT  SUMMARY -ALL  ACCIDENT  TYPES 

JULY  1966  TO  JULY  1967 

All  AlRfRAFT  FIXED  WING  ROTARY  WING 

AIRCRAFT  ONLY  AIRCRAFT  ONLY 

ACCIDENT  INDEX 

U.S. 

Accidonf 

Vietnam 

“3 

All 

U.S. 

Accident 

Vietnam 

All 

U.S. 

Occidents 

Vietnom 

All 

Major  Accidents  -  Number 

205 

531 

736 

48 

86 

134 

157 

445 

602 

Minor  Accidents  -  Number 

23 

43 

66 

5 

4 

9 

18 

39 

57 

Total  Accidents  -  Number 

228 

574 

802 

53 

90 

143 

175 

484 

659 

Aircraft  Inventory  -  Percent  Total 

66.69 

33.31 

100.00 

25.75 

6.38 

32.13 

40.94 

26.93 

67.87 

Total  Flyhg  Hours  (in  000's) 

1,944 

1,681 

3,625 

459 

358 

816 

1,48? 

1,323 

2,808 

Total  Landings  (in  000's) 

7,078 

4,318 

11,396 

830 

348 

1,178 

6,248 

3,971 

10,218 

Major  Accidents  per  100,000  Hours 

10.55 

31.59 

20.31 

I0.47 

24.05 

16.42 

10.57 

33.63 

21.43 

Minor  Accidents  per  100,000  Hours 

1.18 

2.56 

1.82 

1.09 

1.12 

».10 

1.21 

1.95 

2.C2 

Total  Accidents  per  100,000  Hours 

11.73 

34.15 

22.13 

11.56 

25.17 

17.52 

11.78 

36.58 

23.46 

Major  Accidents  per  100  000  Landings 

2.90 

12.30 

6.46 

5.78 

24.73 

11.38 

2.51 

11.21 

5.89 

Minor  Accidents  per  100,000  Landings 

0.32 

1.00 

0.58 

C.60 

1.15 

0.76 

0.29 

0.98 

0.56 

Total  Accidents  per  100,000  Landings 

3.22 

13.29 

7.04 

6.38 

25.88 

12.14 

2.80 

12.19 

6.45 

Total  Oollcr  Cos!  fin  000's) 

14,349 

81,388 

95,738 

2.288 

11,860 

14,148 

12,062 

69,528 

81,590 

1 

Average  Dollar  Cost  per  Accident 

62,936 

141,792 

119,374 

43, 165 

131,777 

98,935 

68,923 

143,654 

123,809 

Total  Fatalities 

68 

294 

362 

13 

34 

47 

55 

260 

315 

Average  Fatalities  per  Accident 

0.30 

0.51 

0.45 

0.25 

0.38 

0.33 

0.31 

C.54 

0.48 

Fatal  Accidents  -  Number 

27 

97 

124 

6 

14 

20 

21 

83 

104 

Fotol  Accidents  -  Percent 

11.84 

16.90 

15,46 

11.32 

15.56 

13.99 

12.00 

17.15 

15.70 

Average  Fatalities  per  Fatal  Accidents 

7.52 

3.03 

2.92 

2.17 

2.43 

2.35 

2.62 

3.13 

3.03 

Total  Injuries  (Nonfotol) 

124 

629 

753 

20 

72 

92 

104 

557 

661 

Average  Injuries  per  Accident 

0.54 

1.10 

0.94 

0.38 

0.80 

0.64 

0.59 

1.15 

1.00 

When  the  aircraft  inventory  data  listed  in  Table  I  arc  exomined,  two  points  become  obvious.  First,  the  average  num¬ 
ber  of  aircraft  operating  out  of  VN  during  the  survey  period  was  much  less  than  the  number  of  oircraft  operating  ehewhete. 
In  relate  <  terms,  only  33.31  percent  of  the  total  inventory  were  stationed  in  VN  as  compared  to  66.69  percent  stotioned 
elsewhere  resulting  in  a  VN  US  inventory  ratio  of  0.50  to  1  for  all  oircraft  types.  The  second  point  to  be  gained  is  tnot 
RW  oircraft  were  ‘he  predominant  aircraft  in  the  Army  Aviation  'nvcnto.-y .  Of  the  total  number  of  oircraft,  67.87  percent 
were  of  the  RW  type  and  32.13  percent  of  the  FW  type.  For  each  type  of  aircraft,  the  VN.  JS  inventory  rotio  was  less 
than  unity,  i.c.,  0.25  to  1  for  FW  ond  0.66  to  1  for  RW.  Accordingly,  in  terms  of  overage  aircrc-t  inventory,  the  majority 
of  the  oircroft  operated  in  US  and  the  majority  of  the  aircraft  was  of  the  RW  type. 
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A  timtlor,  though  smaller,U5  predominance  results  whei  total  oircroft  flight  hours  ore  used  as  a  weighting  factor. 

The  data  of  Table  I  shows  that  Army  aircraft  were  flown  a  total  of  3,625,000  hours  during  the  yeor  beginning  July  1966  of 
which  I, 68', 000  hours  were  flown  in  VN  and  1,944,000  hours  elsev'hero.  Th‘s  total  is  composed  of  816,000  hours  in  FW 
aircraft  (see  column  7)  and  2,808,000  hours  in  RW  aircraft  (see  column  10).  It,  oil  cases,  the  US  hours  v/ere  more  than 
the  VN  hours.  It  should  be  observed  also  that  the  total  hours  flown  in  RW  oircraft  much  exceeded  those  in  FW  aircraft, 
even  allowing  for  the  fact  that  the  RW  inventory  was  greatei  than  the  FW  inventory.  That  is,  the  over-all  RW/FW  flying 
hour  ratio  was  approximately  3.44  to  1  while  the  RW/FW  aircraft  inventory  ratio  wos  only  2.11  to  1.  Similarly,  in  terms 
of  landings,  the  utilization  of  both  FW  i-d  RW  aircraft  was  greater  in  the  US.  As  would  oe  expected  due  to  the  short- 
range,  multiple-hop  missions  of  helicopters,  the  total  landings  of  RW  aircraft  exceeded  those  of  FW  aircraft,  with  the  raw 
RW/FW  landing  ratio  being  about  8.67  to  1 . 

With  these  background  data  as  reference,  it  becomes  possible  to  make  a  weighted  interpretation  of  the  raw  accident 
daM  presented  in  Table  I.  Selected  excerpts  from  these  data  are  plotted  in  Figures  1  and  2.  The  numerical  incidence  of 
all  major  and  minor  oircraft  accidents,  regardless  of  type  or  causol  factor,  is  plotted  in  Figure  1 .  The  cost  of  these  acci¬ 
dents  as  measured  by  the  number  of  fatal  accidents,  number  of  fatalities,  number  of  nonfarol  injuries,  and  aircraft  dollar 
damage,  is  outlined  in  Figures  2A  through  2D,  respectively. 

Figure  1 

All  Accident  Types:  Total  number  of  major  end  minor  oir¬ 
craft  Occidents  of  oil  types  that  occurred  in  Army  Aviation 
flight  operations  from  July  1966  .o  July  1967.  Total  number  of 
FW  Occidents  is  shown  by  the  center  bar  at  the  left,  with 
the  adjacent  VN  n-'d  US  bers  indicating  location  of  the 
Occidents.  Data  for  RW  accidents  or;  at  extreme  right, 
with  total  accidents  of  both  oircraft  types  summarized  in 
the  center.  The  VN  dato  oresented  throughout  this  report 
pertain  to  oircraft  accidents,  not  losses  due  to  enemy 
action,  that  occurred  in  Viefnom.  Note  that  though  the 
Table  I  weighting  factor  data  indicate  a  greater  aircraft 
utilization  in  the  US,  the  greater  number  of  accidents 
occurred  in  Vietnom. 


In  terms  of  the  over-all  aircraft  accident  problem,  there  were  o  fotol  of  802  Occidents,  124  of  which  w«re  fatal; 
there  resulted  362  fatalities,  753  nonfatal  injuries,  and  a  totol  oircraft  damage  cost  of  95.7  million  dollars.  The  FW  air¬ 
craft  contribution  to  these  totals  was  143  accidents  (20  of  which  were  fatal),  resulting  fa  47  fatalities,  92  nor, fatal  injuries, 
and  a  totol  aircraft  damage  cost  of  l4.1  million  Jollars.  The  RW  data  show  659  accidents  (104  r.f  which  were  fotol),  result¬ 
ing  in  315  fatalities,  661  nonfatal  injuries,  and  a  total  oircroft  damage  cost  of  81 .6  million  dollars. 

To  facilitate  the  comparison  of  these  date  with  accident  incidence  dato  to  be  presented  for  subsequent  yeors,  the 
data  sets  in  Figure  1  have  been  normalized  relative  to  the  totol  number  of  flying  hours  flown  by  each  type  of  oircroft  in 
both  locaies  and  plotted  in  Figure  3A  os  the  average  number  of  accidents  occurring  every  100,000  hours.  The  same  nor¬ 
malization  with  total  landings  os  reference  was  accomplished  tor  Figure  3B  which  shows  the  accident  rate  for  every  100,000 
landings.  The  extent  to  which  the  VN  accidJnr  rote  exceeded  that  occurring  elsewhere  is  shown  in  Figures  4A  and  4B 
which  plot  the  VN/US  accident  ratio  far  the  different  types  of  aircraft  with  equol  flyir.g  hours  ond  equal  landings,  respec¬ 
tively,  as  weighting  factors.  When  on  equal  number  of  flying  hours  was  used  r's  reference,  the  incidence  of  Occidents  in 
VN  was  2.18  times  greater  than  the  incidence  in  US  for  FW  oircroft,  3.11  times  greater  for  R"  /  oircraft,  and  2.91  times 
greater  for  their  combined  total.  For  the  equal  landings  dato  of  Figure  4B,  the  VN/US  accident  ratio  climbed  to  4.06  to 
1  for  FW  aircraft,  4.35  to  1  for  RW  aircraft,  ond  4.13  to  I  for  their  totol.  Thus,  without  exception,  these  data  show  that 
the  magnitude  of  the  Occident  problem  in  VN  far  exceeded  that  existing  elsewhere .  This  despite  the  fact  that  the  oircraft 
inventory,  total  flight  hours,  end  total  lendings  dato  indicate  rhat  oircraft  utilization  was  greater  in  the  US.  The  greater 
accident  potential  associated  with  the  stresses  of  a  combat-oriented  environment  is  quire  obvious. 

To  show  the  relcrionship  between  accident  incidence  in  RW  oircroft  and  that  in  FW  oircroft,  the  RW/FW  occioent 
ratio  for  the  two  locations  is  plotted  in  Figures  5A  and  5B,  wit1,  again  fotol  houis  and  totol  londings,  respectively,  os  nor¬ 
malization  factors.  In  Figure  5A,  the  RW/FW  accident  ratio  of  1 .02  to  i  for  accidents  occurring  in  U5  indicates  that  the 
hozord  here  wos  about  equol  for  both  aircraft  types.  In  VN,  however,  the  incidence  of  Occidents  fa  RW  oircraft  wos  about 
1 .45  times  os  great  cs  tbof  in  FW  oircraft  with  equal  Hying  hours  os  reference.  However,  when  equo’,  landings  were  used 
os  reference,  as  is  done  in  Figure  5B,  rhese  dota  showed  c  RW/FW  accident  ratio  less  then  unity,  indicating  o  higher  inci¬ 
dence  for  FW  accidents.  It  may  oiso  be  observed  from  the  doto  of  Figire  55  thot  the  RW/FW  accident  ratio  was  about  the 
some  for  Occidents  occurring  in  VN  oi  for  those  occurring  clcewhere . 

PILOT-ERROR  ACCIDENTS 

In  this  section,  incidence  and  cost  data  are  presented  for  all  Occidents  thot  were  classified  by  USABAAS  os  involv.ng 
one  or  more  pilot-error  cousal  factors.  It  should  be  observed  that  this  classification  docs  not  imply  thot  pilot  erro*  was  rhe 
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Figure  2 

‘•II  Accident  Types:  Totol  number  of  fatal  accidents  (A),  to'al  number  of  fotelities  (B),  toto!  number  of  nornuial  injuries 
(C),  ond  total  dollar  cost  of  resulting  aircraft  damage  (D)  for  both  RW  ond  FW  aircraft  and  for  both  VN  and  US  locations. 
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Figure  3 

Ail  Accident  Types:  Normalised  incidence  dote  showing  averoge  number  of  Occidents  per  100,000  flying  Ihjuis  (A)  ond  over¬ 
age  number  of  Occidents  per  100,000  londings  (8).  In  all  coses  the  VN  accident  rote  exceeded  the  US  rote.  With  totol  horns 
os  reference  (A),  the  RW  accident  rote  was  greater  then  that  of  FW  aircraft.  When  totol  landings  were  used  (R),  the  RW  acci¬ 
dent  rote  fell  os  would  be  expected  from  the  short-range,  multi-hop  missions  typically  performed  by  helicopters. 
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Figure  4 

All  Accident  Type;:  Normalised  ratio  of  accidents  occurring  In  VN  to  accidents  occurring  in  US  bared  on  equal  flying 
boors  (A)  and  equal  landings  (B)  for  both  types  of  aircraft.  When  hours  served  cs  the  normalization  reference  (A)  the  prob¬ 
ability  of  o  FW  accident  occurring  in  VN  was  over  twice  os  great  as  accidents  occurring  elsewhere.  A  slmilor  but  larger 
probability  wos  present  for  RW  accidents  that  occurred  in  VN.  The  normalized  landing  (Jat=  (B)  indicate  that  the  probability 
of  either  a  P.V  or  RW  accident  occurring  In  VN  wos  ot  lecst  four  times  os  great  os  the  probability  of  an  accident  elsewhere. 
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Figure  5 

All  Accident  Types:  Normolized  ratio  of  Occidents  occurring  in  RW  aircraft  to  accidents  occurring  in  FW  oircroft  bosed  on 
equal  flying  hours  (A)  ond  equol  lor.dings  (B)  for  both  loeotiens,  When  equol  hours  served  os  o  reference  (A),  the  probabil¬ 
ity  of  on  accident  occurring  in  the  US  wos  about  the  some  for  both  oircroft  types.  In  VN,  the  RW  Occident  rote  wos  almost 
1 .5  times  os  great  os  the  F«V  accident  rote.  When  equol  landings  were  used  os  o  reference  (B)  the  probability  of  on  Occi¬ 
dent  occurring  in  o  RW  aircraft  wos  less  than  thot  for  FW  aircraft.  This  ratio  is  cbout  the  some  whether  the  accident 
occurred  in  VN  or  elsewhere. 

ooly,  or  even  the  orimory,  accident  causal  foctor.  That  is,  this  grouping  includes  all  accidents  im  olving  one  or  more  pilot 
errors  even  though,  for  example,  material  foilure,  maintenance  shortcomings,  or  poor  facilities  moy  olso  hove  contributed 
to  the  couse  of  the  Occident.  A  further  point,  by  definition,  is  thot  these  pilot-error  Occident*  or?  a  subgroup  of  the  all- 
accident  statistics  discussed  in  the  previous  section. 

Incidence  ond  cost  data  for  pilot-error  accidents  in  this  period  ore  presented  in  Table  II  and  Figures  6  and  7.  The 
incidence  doto  -of  Figure  6  show  thot  there  was  o  total  of  552  major  ond  minor  accidents  involving  pilot  error;  of  this  total, 

75  were  fatal  accidents.  The  cver-ol!  cost  wos  189  fotolitics,  525  nonfotol  injuries,  ond  560, 386, 000  oircroft  damage. 

The  FW  contribution  to  this  totol  was  106  accidents  (13  of  which  were  fatal),  resulting  in  35  fotolitics,  69  nonfotol  injuries, 
ond  $9,393,000  airc.cf?  damage.  For  RW  oircroft,  there  were  446  Occidents  (61  of  which  were  forof),  resulting  in  154 
fatalities,  455  nonfotol  injuries,  ond  $50,993,000  aircraft  damage. 

As  with  the  all-accident  dato,  normolized  pilot-error  accident  rot?  for  FW  oircroft  os  well  os  for  RW  aircraft  was 
greater  in  VN,  whether  one  used  total  flying  hours  or  totol  landings  as  reference.  Indeed,  for  RW  oircroft,  the  VN"bcsed 
rate  of  23.58  accidents  per  100,000  hours  wos  2 j6?  times  greeter  thort  the  US-bwcd  rote  of  9.02  Occidents  per  100,000  hours. 
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Likewise  for  landings,  the  VN  rate  of  7.86  accidents  per  100,000  accidents  was,  compared  to  the  7.1 4  U5  rote,  3.67 
times  greater. 


TABLE  II 

ACCIDENT  SUMMARY  -  PILOT  ERROR  ACCIDENTS  ONLY 
JULY  1966  TO  JULY  1967 


ALL  AIRCRAFT 


FIXED  WING 
AIRCRAFT 


ROTARY  WING 
AIRCRAFT 


ACCIDENT  INDEX 


Accidents 


Accidents 


Accidents 


U.S.  jvietnam 

All 

U.S. 

Vietnam 

All 

U.S. 

Vietnom 

All 

Ma'oi  Accidents 

166 

344 

510 

45 

m 

101 

121 

288 

409 

Minor  Accidents 

17 

25 

42 

4 

i 

5 

13 

24 

37 

Totol  Accidents 

183 

369 

552 

■H 

57 

106 

134 

332 

446 

Total  Dollar  Cost  (in  000‘i) 

10,846 

49,540 

60,386 

2,199 

H9 

9,393 

8,647 

42,346 

50.993 

Avcicge  Dollar  Cost  'Accident 

59,268 

134,256 

126,217 

88,613 

64,533 

135,724 

114,335 

Total  Fatalities 

35 

154 

189 

13 

22 

35 

22 

132 

154 

G.19 

0.42 

0.34 

0.27 

0.39 

0.33 

0.16 

C.42 

0.35 

Fotal  Accidents  -  Number 

18 

57 

75 

m 

m 

13 

11 

50 

61 

Fatal  Accidents  -  Percent 

9.84 

15.45 

13.59 

12.24 

12.28 

12.26 

8.21 

16.03 

13.65 

Average  Fatalities/Fatol  Accident 

1.94 

2.70 

MSB 

2.17 

**.14 

2.69 

2.00 

2.66 

2.52  j 

Total  Injuries  (Nonfatoi) 

102 

423 

525 

19 

50 

69 

83 

373 

*56 

Average  InjuricS/Accidcnt 

0.56 

1.15 

0.95 

0.39 

0.88 

0.65 

0.62 

1.20 
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I  mi  r«n  inn  .uanii  nn  J 

|  III.  IMCtCEStCC  CF  Htt«I  1KD  Hlltt  j 

1  j  ACCISf  MTS 


Figure  6 

Pil'-i-Ern.r  Accident  Types:  Totol  number  of  major  orid 
minor  accidents  thot  were  classified  by  USABAAR  os 
involving  one  or  more  pilot-error  factors.  As  with  the 
Figure  1  "All  Accident  Type'  incidence  dote,  the  num¬ 
ber  of  pilot-error  accidents  occurring  in  RW  aircraft 
operating  out  of  VN  considerably  exceeded  those-  occul¬ 
ting  elsewhere .  However,  for  FW  aircraft,  the  number 
of  pilot-error  accidents  that  occurred  in  VN  only 
slightly  exceeded  those  that  occurred  in  US. 


ORIENTATION-ERROR  'CC  IDE  NTS  ONl> 

This  section  summarizes  the  incidence  and  cost  of  oil  oriental ion-vvror  type  oecicents  detected  in  oci  review  of  the 
USAPAAR  Occident  fih. ;.  A$  detoiled  with  selected  qualifications  in  tnc  procedure  section  of  this  report,  this  listing  in¬ 
cludes  oil  accidents  arising  from  on  incorrect  control  or  power  action  taken  by  e  pilot  doc  to  his  incorrect  perception  of 
the  true  motion  or  attitude  of  his  aircraft.  The  reeder  should  recognize  thot  the  o:icntotion-crror  Occidents  discussed  hcie- 
in  ore  o  subgroup  cf  the  pilot-error  Occident  statistics  presented  in  the  previous  section. 

The  main  elements  of  the  orientotion-cnor  statistics  ore  summarized  in  Tcble  lit.  The  pertinent  incidence  and  cost 
do»s  ore  outlined  in  figures  °  ond  9. 
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Figure  7 

Pilot-Error  Accident  Types:  Totol  number  ot  fetal  Occidents  (A),  totol  number  of  Totalities  (B},  totol  number  of  nonlotol 
injuries  (C).  ono  total  dollar  cost  ot  resulting  aircraft  damage  (D)  for  both  aircraft  types  me?  for  both  locations. 


ABIE  III 

ACCiDENT  SUMMARY  -  ORIENTATION  ERROR  ACCIDENTS  ONLY 
JULY  1966  TO  JULY  1967 


ALL  AIRCRAFT 


FIXED  WING 
AIRCRAFT 


ROTARY  WING 

aircraft 


accident  index 

/ 

U.S. 

Occidents 

Vietnam 

All 

U.S. 

Accidents 

Vietnam 

Ail 

/ 

U.S. 

Occidents 

Vietnam 

— 

All 

.Major  Accidents 

9 

41 

50 

0 

1 

i 

9 

40 

49 

Minor  Accidents 

0 

? 

7 

0 

1 

1 

0 

A 

_ ! 

Totol  Accidents 

0 

48 

57 

0 

2 

2 

9 

46 

55 

Tctol  Dollar  Cost  (in  COG’s) 

1.360 

8,784 

10,144 

0 

27 

27 

1,360 

_ELZ5Z- 

10.117 

Averoge  Dollar  Cost/Accident 

•51,094 

183,004 

177.966 

— 

13,594 

13.594 

151,094 

190,370 

1S3.943 

Total  Fatalities 

3 

47 

45 

0 

1 

1 

3 

41 

44 

Avcrooe  Fafaiities/Accidcnt 

0.33 

0.S8 

0.79 

0.50 

0.50 

0,33 

0.89 

0.80 

Fotol  Accidents  -  Number 

1 

13 

19 

0 

1 

1 

__  1 

17 

IS 

Fatal  Accidents  -  Percent 

U.li 

37.50 

31.33 

~ — 

50.00 

50.00 

11,11 

36.96 

32.73 

Averoge  Fatalitics/fotol  Accident 

3.00 

2.33 

2.37 

— 

1.00 

1.00 

3.00 

2.41 

2.44 

Total  injuries  (Nanfatal) 

13 

92 

105 

0 

1 

1 

13 

91 

104 

Average  Injuries /Accident 

1.44 

1  1.92  1 .84 

0.50 

0.50 

_ Li! 

1.98 
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Figure  8 

Orientation-Error  Accident  Types:  Total  number  of 
major  ond  minor  orientation-error  Occidents  located 
in  the  seorch  of  the  USA&AAR  master  accident  files 
for  ths  period  July  1966  to  July  1967.  Note  thot 
only  two  FW  Occidents,  both  of  which  occurred  in 
VN,  were  detected  in  this  scorch. 
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Figure  9 

Orientotion-Error  Accident  Types:  Total  number  of  Fatal  accidents  (A),  total  number  of  fatalities  (6),  total  number  of  non- 
fa  to!  injuries  (C),  ond  total  dollar  cost  of  resulting  oircraft  dcmogc  (0)  for  both  oircraft  types  ond  for  both  locations. 

Note  thot  there  was  only  one  fatal  FW  accident  (A). 
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These  data  show  thot  these  were  a  totol  of  57  major  and  minor  orientotion-error  accidents  (19  of  which  were  fatal),  ji 

resulting  in  45  fatalities,  105  nonfbtol  injuries,  and  on  aircraft  damage  cost  of  $10, 144,000.  The  FW  contribution  was  S 

extremely  small  with  only  one  minor  accident  and  one  major  fatal  accident  occurring;  the  over-all  cost  here  was  one  fatal-  J| 

ity,  one  nonfatal  injury,  and  a  total  dollar  damage  of  $27,000.  It  is  obvious  that  with  such  o  low  incidence  (n)  for  FW  S 

orientation-error  accidents,  conclusions  to  be  drawn  as  to  RW/FW  or  US/VN  accident  incidence  and  cost  must  await  the  §j 

acquisition  of  further  FW  data  in  this  longitudinal  study.  We  have  attempted  to  alert  the  reodcr  to  this  low  incidence  in  a 

the  various  reloted  graphs  by  listing  the  small  n  value  next  to  the  FW  data.  For  RW  aircraft,  there  were  a  totol  of  55  3| 

major  and  minor  orientafioi-error  acciaents  (18  of  which  were  fatal),  resulting  in  44  fatalities,  104  nonfatal  injuries,  and  » 

a  total  aircraft  dollar  damage  of  $10, 1 17,000.  Thus  the  majority  of  the  orientation-error  Occidents  involving  Army  Avio-  3jj 

tion  aircraft  occurred  in  RW  aircraft  during  this  period.  As  indicated  by  the  RW  doto,  the  incidence  and  cost  of  accidents  3S 

occurring  in  VN  were  both  considerably  greater  than  for  accidents  occurring  elsewhere.  This  is  particularly  noticeable  in 

the  17.00  to  1  VN/US  fotal  accident  ratio,  the  13.67  to  I  VN/US  total  fatolity  ratio,  the  7.00  to  1  VN/US  totol  injury  Jjj 

ratio,  and  the  6.44  to  1  VN/US  total  dollar  cost  rotio.  ? 


The  normalized  rates  for  hours  of  exposure  were  3.48  ond  0.61  accidents  per  100,000  hours  fer  VN-  and  U5-bosed 
aircraft,  respectively.  In  terms  of  landings,  the  rotes  were  1.16  and  0.14  accidents  per  100,000  landings  for  VN-  ond  US- 
based  aircraft,  respectively.  Thus  foi  orientotion-error  accidents  she  VN-to-US  ratios  become  5.70  and  8.26  for  hours  ond 
landings,  respectively,  a  substantially  more  adverse  rating  for  the  combot  environment. 

For  general  reference,  a  breakdown  of  the  50  major  ond  7  minor  orienfotion-eiror  accidents  by  oircroft  types  is  os 
follows.  The  FV/  accidents  included  one  minor  accident  in  on  Ol-D  and  one  major  accident  in  an  Ol-E.  Bad  weather 
during  a  night  landing  was  involved  in  the  Ol-D  accident.  The  Ol-E  accident  involved  c  daytime  flight  !n  good  visibility 
when  a  loss  of  depth  perception  resulted  during  a  diving,  low-'evel  gunr.ery  tun  over  watoi.  The  UH-1  oircroft  accounted 
for  44  of  the  49  major  RW  accidents  end  6  of  the  minor  accich-tts.  The  remainder  of  the  major  RW  accidents  were  accounted 
for  by  two  type  CH-47A  aircraft,  one  type  CH-21  aircraft,  one  type  GK-I3S  aircraft,  and  one  type  TH-55  oircroft.  Of 
these  five  accidents,  all  resulted  in  aircraft  strikes  except  for  the  T ■  i— 55  accident.  One  CH-47A  accident  occurred  at 
night  when  the  aircraft  fiew  into  a  loir-leve!  cloud  bank  during  a  180-degree  left  turn  while  mcking  o  landing  go-around. 

The  second  CH-47A  accident  involved  a  medical  evacuation  mission  requiring  a  night  takeoff  into  IFR  weather,  with  spatial 
orientation  difficulties  arising  when  aircraft  searchlights  reflected  on  low  cloud  cover.  The  CH-21  accident  occurred 
durirg  an  IFR  takeoff  through  thick  ground  smoke.  In  the  case  of  the  OH-13S  accident,  ground  haze  and  mist  during  a 
night  flight  through  a  mountain  pass  resulted  in  aircraft  control  problems.  The  TH-55A  accident  resulted  when  the  pilot 
assumed  the  sloped  surface  of  a  mountain  was  horizontal  and  controlled  his  oircroft  accordingly. 

It  is  quite  apparent  that  the  majority  of  the  RW  accidents  involved  the  Aimy  workhorse,  the  UH-1  "Huey."  The  high 
incidence  here  is  due  only  to  the  UH-1  being  the  predominant  RW  aircraft  in  the  Army  inventory.  Bjcouse  of  the  many 
advantages  to  be  gained  from  a  study  involving  only  one  basic  aircraft  type,  orientation-error  accidents  'hot  occurred  in 
t'ro  UH-1  arc-  undergoing  detailed  review  relative  to  the  various  pilot,  aircraft,  and  environmental  factor-  involved  in  such 
accidents  and  will  be  reported  separately. 

COMPARATIVE  INCIDENCE  AND  COST  OF  ORIENTATION-ERROR  ACCIDENTS 

The  arrangement  of  the  data  presenter*  in  the  previous  sections  was  selected  to  differentiate  the  actual  incidence  and 
cost  of  all  accidents,  pilot-error  accidents,  and  orientotion-error  accidents.  In  this  section,  selected  incidence  and  cost 
data  are  expressed  in  percentage  figures  with  the  objective  of  gaining  some  insight  into  the  relative  contribution  of 
orientation-error  accidents  to  the  over-all  accident  problem. 

In  Figure  10  the  percent  incidence  of  fatal  accidents  is  described  for  ail  accident  types,  pilot-error  accident  types, 
end  orientation-error  accident  types.  The  Figure  ICA  data  show  thot  for  FW  oircroft  13.99  percent  of  oil  FW  accidents, 
regardless  of  accident  cause  or  type,  were  fatal,  with  the  incidence  in  VN  being  cbout  1 .37  times  greater  than  in  US. 

The  RW  data  indicate  that  15.78  percent  of  all  RW  accidents  were  fatal,  with  the  VN  incidence  1 .43  times  greater  than 
the  US  incidence.  In  effect,  considering  all  accidents,  little  difference  exists  in  FW  and  RW  fetal  accident  incidence 
within  a  given  location.  Considering  both  aircraft  types  together,  the  totalized  doto  of  Figure  I0A  indicate  15. *6  percent 
of  all  accidents  were  fatai. 

When  one  evaluates  only  those  accidents  of  the  obove  group  that  involved  pilot  error,  the  relative  incidence  of  fatal 
accidents  is  less,  as  indicated  in  Figure  103 .  Here,  the  fatal  Occident  incidence  was  12.26  percent  for  FW  oircrofi,  13.68 
percent  for  RW  aircraft,  arid  13.59  percent  for  the  combined  sum  of  FW  and  RW  pilot-error  accidents.  The  VN  US  fatal 
accident-  incidence  rotio  for  RW  oircroft  was  1 .95  to  I .  For  FW  aircraft,  however,  the  VN  ond  US  incidence  ratio  was 
cbout  the  some.  A  comparison  of  Figure  I0A  and  10B  would  indicate  that  during  the  July  1966  fa  July  1967  period,  the 
probability  of  o  feto!  accident  occurring  when  pilot  error  was  involved  was  slightly  less  than  the  probability  of  a  fotal  Occi¬ 
dent  occurring  when  pilot  error  was  not  involv'd. 

For  oricntation-cnor  accidents,  however,  the  probability  of  a  fatal  accident  was  much  higher,  as  showt>  in  Figure  IOC. 
Again,  the  reeder  is  cautioned  to  remember  the  low  incidence  of  FW  accidents  far  this  periou.  The  total  number  of  FW  acci¬ 
dents,  n-2,  of  which  one  wes  fatal,  accounts  for  the  50  percent  fatal  accident  incidence  doto  of  this  figure.  (The  FW  doto 
of  Figure  10C  ore  drown  in  dashed  outline  to  ensure  recognition  of  this  low  incidence.)  Thus  in  these  doto,  the  rclotivc 
incidence  end  o  it  of  orientotion-error  accidents  derived  almost  exclusively  from  RW  Occidents.  In  the  remaining  orientation- 
error  figures  then,  the  "All  Aircraft”  deto  will,  in  essence,  be  identical  to  the  "RW  Aircraft"  doto.  The  percent  incidence 
of  fore!  accidents  when  orientation  error  was  involved  rose  to  33.33  percent  with  the  incidence  in  VN  being  considerably 
greotor  then  that  in  US;  in  foe t,  3.38  times  os  great. 
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Figure  10 

Comparative  incidence  of  fotcl  accidents  expressed  as  the 
percent  of  the  total  number  of  Occidents  within  the  "All 
Accident  Type"  (A),  "Pilot-Error  Accident  Type"  (B),  and 
"Orientation-Error  Accident  Type"  (C)  classifications  that 
resulted  in  one  or  more  fata.lities.  Comparison  of  the  totol- 
i  :ed  RW  and  FW  data  of  (A)  with  their  (B)  counterpart, 
indicates  that  the  probability  of  a  fatal  Occident  occurring 
when  pilot-error  was  involved  was  slightly  less  than  when 
pilot-error  wos  not  present.  Note  that  orientotior.-error 
accidents,  a  specific  subgroup  of  pilot-error  accidents,  had 
c  significantly  higher  percentage  of  fatal  accidents.  In 
(Q  the  FW  doto  ore  drawn  in  dashed  outline  to  caution  the 
reader  of  the  very  few  coses  involved;  i.e.,  two  FW  acci¬ 
dents  with  one  being  folal. 


Similar  comparisons  for  the  three  classes  of  accidents  ore  made  in  Figure  1 1  for  the  overage  number  of  fatalities  per 
fatal  Occident.  Again  the  cost  of  pilot-error  accident  types  was  less  than  the  cost  of  all  accident  types,  with  the  VN  cost 
exceeding  the  US  cost.  However,  for  orientation-error  accidents  the  average  number  of  fatalities  per  fatal  accident  wos 
slightly  less  than  that  of  the  pilot-error  accident  types  while  the  US  cost,  in  this  case,  exceeded  the  VN  cost.  The  same 
format  is  used  in  Figure  12  which  depicts  the  average  number  of  nonfofal  injuries  that  occurred  per  accident.  The  all- 
accident  type  and  the  pilot-error  accident  type  data  were  about  the  same.  For  the  orientation-error  accident  data,  how¬ 
ever,  the  average  number  of  injuries  pur  accident  wos  considerably  higher.  The  higher  average  aircraft  dollar  cost  of 
orientation-error  accidents  also  exceeded  the  awrage  cost  of  the  other  accident  types,  os  illustrated  in  Figure  13. 

Figures  14  through  17  illustrate  the  relative  contribution  of  orientation-error  accidents  in  all  aircraft  types  to  selected 
incidence  and  cost  doto  as  c  given  percentage  of  corresponding  statistics  for  both  "ell  accident  types"  end  "pilot-error 
accident  types."  In  Figure  14,  orienfefion-errer  accidents  ccn  be  seers  to  represent  7.11  percent  of  oil  accidents  that 
occurred  during  this  yecr  and  10.33  percent  of  all  pilot-error  accidents.  When  one  considers  the  number  of  foiol  accidents 
that  occurrco'  in  the  two  accident  groups,  as  is  done  in  Figure  15,  orientation-error  fata!  accidents  represent  35-32  percent 
of  all  fotol  accidents  ond  25.33  percent  cf  al.l  fotcl  piiot-error  accidents.  In  terms  of  fatalities,  oricnfoticn-crror  accidents 
resulted  in  12.43  percent  of  the  totol  number  and  23.81  percent  of  these  occurring  in  piiot-error  accidents,  as  indicated  in 
Figure  16.  Lostly,  orientetion-error  accidents  accounted  for  over  10.59  percent  of  the  totol  cost  of  oil  accidents  and  16.80 
percent  of  the  cos*  of  all  pilot-error  accidents,  as  shown  in  Figure  17.  The  percentage  contribution  of  orientot ion-error 
accidents  to  tho  "oil  accident"  cost  wos  about  the  some  for  VN  as  elsewhere.  However,  for  oil  c,.  ,er  data  presented  in 
Figures  14  through  17,  the  magnitude  of  the  orienfoticn-error  problem  in  VN  was  considerably  greeter  than  the  magnitude 
of  the  problem  elsewhere. 

At  this  time,  ro  attempt  will  be  mode  to  discuss  further  these  findings  or  to  draw  ony  conclusions  os  to  their  over-all 
significance.  Since  corresponding  dote  ore  under  preparation  for  subsequent  years,  the  full  significor.ee  of  the  present  data 
will  depend  upon  whether  this  longitudinal  analysis  does  or  does  not  establish  the  presence  of  consistencies  or  trends  in  the 
accident  experiences.  Moreover,  it  is  the  function  of  this  element  of  the  longitudinal  study  only  to  provide  quantitative 
doto;  the  actual  evaluation  of  the  accident  dato  in  terms  of  effect  on  the  military  mission  must  remoin  with  those  responsible 
for  the  direction  of  military  aviation  operations. 
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Figure  13 

Average  oircraft  dollor  damage  per  accident  occurring 
within  the  "All  Accident  Type"  (A),  “Pilot-Error  Accident 
Type"  (B),  ond  "Orientation-Error  Accident  Type"  (C) 
clarifications.  Orientation-error  accidents  produc-d 
the  greotest  dollar  damage  per  accident. 
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Percent  cot.ttibjtion  of  oil  orientation-error  Occidents  to 
the  total  number  of  cctidents  occurring  within  the  "All" 
Accident  Type"  and  the  "Pilot-Error  Accident  fype" 
classifications. 


Percent. contribution  of  oil  Fatal  orientotion-error  accidents 
to  the  total  number  of  fatal  accidents  occurring  within  the 
"All  Accident  Type"  end  the  "Pilot-Error  Accident  Type" 
classifications. 
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figure  16 

Percent  contribution  of  oil  orientotion-error  accident  fatal¬ 
ities  to  the  total  number  of  fatalities  occurring  within  the 
“All  Accider.t  Type"  and  the  "Pilot-Error  Accident  Type" 
classifications. 


Figure  17 

Percent  contribution  of  the  dollar  cost  of  all  orientation- 
error  accidents  to  the  total  cost  of  all  accidents  occurring 
within  the  "All  Accident  Type"  and  the  "Pilot-Error 
Accident  Type"  classifications. 
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DISCUSSION 

CLARK.  Your  principal  concern  has  been  with  accidents  caused  by  disorientation,  but  would  you  care 

to  comment  on  the  reduction  of  operational  efficiency  which  might  be  produced  by 
disorientation? 

NIVEN.  We  have  indications  from  data,  yet  to  be  reported,  that  disorientation  interferes  with  mission 

effectiveness  because  a  disorientation  error  accident  occurs  before  the  mission  objective  is 
achieved. 

BENSON.  Both  you  and  Wing  Commander  Lotting  have  been  concerned  with  analysing  accident  reports.  To 

what  extent  do  you  regard  the  information,  gathered  by  others,  reliable?  Do  you  consider  that 
the  real  cause  or  causes  of  the  accident  arc  adequately  described  in  the  documents  upon  which 
your  analysis  is  based? 

NIVEN.  To  use  Dr  Clark’s  phrase  -  the  data  are  noisy.  Our  initial  approach  was  one  of  confidence  but 

as  the  investigation  progressed  it  was  apparent  that  the  information  wt  required  had  not 
always  been  obtained  because  orientation  error  had  not  been  in  the  mind  of  the  investigators. 
As  a  resu’t  of  our  enquiry  modification  to  the  accident  investigation  questionnaire  will  be 
made. 

BAILEY.  Army  helicopters  are  completely  fitted  with  flight  instruments  and  qualified  for  instrument 
flight  rule  control.  Some  of  the  trainers  eg  H-13  and  TH-55  are  not  completely  instrumented, 
but  the  UH-1  aircraft  in  this  study  are  fully  instrumented  with  flight  instruments  for  both 
pilot  and  co-pilot.  It  is  important  to  know  that  all  helicopter  instrumentation  ic  merely 
antiquated  fixed-wing  instruments  transferred  to  rotary  winged  aircraft.  This  makes  the  task 
of  instrument  flight  in  a  more  unstable  aircraft  considerably  more  difficult  and  hazardous 
than  in  fixed-wing  aircraft. 

NIVEN.  Thank  you  for  qualifying  this  point. 

GILSON.  Would  you  attribute  the  greater  accident  rate  in  helicopters  to  the  basic  instability  of 

rotary-wing  versus  fixed-winged  aircraft  where  dangerous  attitudes  are  attained  with  briefer 
periods  of  inattention? 

NIVEN.  This  is  undoubtedly  one  of  the  factors,  amongst  many,  contributing  to  orientation  error 

accidents  in  helicopters. 

CLARK.  Were  accidents  in  which  the  aircraft  came  to  a  hover  in  dust,  with  resultant  loss  of  control, 

included  in  the  presented  statistics? 


NIVEN. 


Yes. 
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SUMMARY 

The  results  of  a  survey  of  2,000  naval  aviators  concerning  their  experience  wit/i  disorientation  during 
various  flight  conditions  is  presented.  An  analysis  of  all  naval  flight  accidents  for  calendar  year  1969, 
in  which  a  disorientation  incident  contributed  to  the  accident  is  presented. 

It  is  shown  that  the  majority  of  accidents  coded  "Disorientation"  as  a  causal  factor,  were,  in  fact, 
erroneously  coded.  Of  the  li6  accidents  so  coded,  ily  seven  provided  adequate  evidence  that  disorientation 
was  a  factor  in  the  accident. 

Major  conclusions  drawn  in  this  report  include:  (1)  96?  of  all  aviators  experience  disorientation  at 
some  timo  during  their  flying  career  (2)  the  majority  of  accidents  listing  disorientation  us  a  factor  either 
are  erroneously  coded  or  the  roports  fail  to  provide  sufficient  evidence  to  validate  a  diagnosis  of 
disorientation  (3)  the  probability  of  the  true  incidence  of  disorientation  caused  accidents  is  very  snail 
(0.9?)  for  calendar  year  1969  (it)  r.ost  incidents  of  pilot  disorientation  occur  during  periods  of  reduced 
visibility. 

While  vestibular  inputs  nay  play  a  part  ir  producing  disorientation,  many  disorientation  incidents 
take  place  when  the  vestibular  system  is  r&utively  unperturbed.  It  is  rare  to  find  disorientation  with¬ 
out  reduced  visual  conditions.  Thus,  the  hypothesis  is  put  forth  that  the  ^risery  sensory’  system 
responsible  for  disorientation  is  the  visual  system. 

The  need  for  further  research  in  the  visual  system  is  stressed,  along  witn  the  need  for  now  emphasis 
in  pilot  indoctrination  concerning  tho  effects  cf  reduced  visibility. 

INTRODUCTION 

Disorientation  and  vertigo  are  terns  that  hate  been  used  to  recognise  a  syndrome  which  affects  most 
pilots  at  some  tine  during  their  flying  career.  Further,  disorientation  and  vertigo  are  probably  two  of 
the  least  understood  and  tho  most  misused  terms  used  today  to  describe  causes  of  aviation  accidents. 

The  throe  tarns  disorientation,  vertigo  and  dizziness  are  fraq .cntly  used  Interchangeably  to  describe 
a  wide  variety  of  symptoms  such  as  false  sensations  of  angular  acceleration,  of  linear  acceleration  or  of 
a  tilt  sensation. 

Medically  the  word  vertigo  is  used  to  describe  the  sensation  of  the  world  revolving  around  the 
patient  (objective  vertigo)  or  of  the  patient  hinself  revolving  in  space  (subjective  vertigo).  The  Dorland 
Medical  Dictionary  goes  on  to  state  that  the  term  is  sometimes  erroneously  used  as  a  synonym  for  dizziness . 

Since  true  vertigo  rarely  if  ever  occurs  in  aviation  without  another  disease  process  present,  it  is 
recommended  that  this  term  not  be  used  as  a  descriptive  tern  to  describe  accidents,  unless  true  objective 
or  subjective  dizziness  is  present. 

Disorientation  on  tho  other  hand  nas  several  meanings.  The  first  one  relates  to  tine,  place  or 
identity.  Khilo  this  definition  may  apply  to  many  peocle.  both  on  the  ground  and  in  the  air,  it  is 
generally  reserved  for  those  with  either  a  psychiatric  disorder  or  organic  brain  damage  which  interferes 
with  their  thought  processes.  The  second  generally  accepted  usage  of  the  tern  disorientation  denotes  the 
loss  of  proper  geographical  bearings.  Again  this  does  not  apply  exactly  to  the  aviation  situation,  since 
tho  connotation  could  mean  something  more  than  being  "lost."  In  aviation  one  may  r.ct  only  lose  his  sense 
of  direction  but  also  hip  sense  of  spatial  relationship  with  respect  to  the  earth.  Presently  there  have 
beon  roports  published  which  use  the  term  "orientation-error, "  to  deser  .be  pe rices  in  which  the  pilot  was 
considered  to  perceive  a  notion  and  attitude  of  nis  aircraft  which  differed  from  the  true  notion  and 
attitude.  This  can  simply  be  referred  to  as  "’.patial  disorientate  on. "1 

Having  defined  spatial  disorientation  as  perception  of  notion  and  attitude  which  differs  from  tho 
true;  just  how  often  does  it  exist  in  naval  aviation  today,  to  what  degree  has  it  been  a  hazard  (i.e., 
cause  of  accidents)  and  if  it  is  significant  hazard,  hew  can  it  be  prevented.  These  questions  have  boar, 
asked  many  times  and  continue  to  bo  asked  even  today. 

PROCEDURE 

In  1970  the  Bureau  of  Medicin«  and  Surgery  had  a  project  to  identify  medic?!  research  needed  to  support 
naval  aviation.  Two  of  the  methods  used  to  identify  this  requirement  were:  a  review  of  ac-idont  data  from 
tho  Naval  Safety  Center  for  the  calendar  year  196?  and  a  questicnr.ai-e  sent  to  3,10-'  active  duty  naval 
aviators.  Of  these  3,000  questionnaires  over  2,000  have  been  returned  to  the  3uroau  of  Medicine  and 
Surgery.  Tho  questionnaire  was  divided  into  two  section.*,  :ne  concerning  epatia'  disorientation  an:  one 
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concornirig  general  medical  problems.  Only  the  former  section  will  be  discussed  in  this  paper. 

The  spatial  disorientation  questionnaire  was  divided  into  five  parts.  The  first  part  contained 
general  information  questions  as  to  rank,  designator,  number  of  flight  hours,  types  of  aircraft  flown  and 
the  questions: 

(1)  Have  you  ever  experienced  disqrientati on  while  piloting  U.  S.  Navy  aircraft? 

never  once  occasionally  frequently 

(2)  If  the  answer  to  the  above  question  is  l:yos"  did  the  disorientation  incident  hazard  you  or  your 
aircraft? 


The  second  part  considered  the  various  flight  conditions  which  contributed  to  the  disorientation  incidents 
reported  in  the  first  part,  such  as  IFR  conditions,  VFR  (day  and  night),  turbulence  and  broken  clouds.  The 
third  part  related  to  the  pilot's  subjective  physical  condition  at  the  tine  of  disorientation  such  as 
illness,  fatigue,  hangover,  headache,  hypoxia,  drug  reactions,  etc.  The  fourth  part  concerned  visible 
phenomena  such  as  starlight-,  surface  lights,  passing  aircraft  lights,  flicker  phenomenon,  etc.  The  fifth 
and  last  part  inquired  about  aircraft  maneuvers  and  spatial  orientation  of  the  aircraft  at  the  time  of 
the  disorientation  incident.  These  included:  catapult  take  off,  leve?  flight-,  climb,  glide,  dive,  rolls, 
high  G  (two  or  more)  turns  less  than  20o  of  bank  or  more  than  20°  of  bank  and  formation  flying  (load  or 
wingman). 

To  simplify  answering  by  each  pilot,  all  questions  (except  for  information  concerning  rank,  flight 
hours  and  type  of  aircraft  flown)  could  be  completed  by  checking  an  appropriate  box. 

RESULTS 

The  results  of  the  questionnaire  are  tabulated  below.  The  first  two  questions  (Table  l)  concerned 
the  total  experience  with  disorientation  and  whether  or  not  the  pilot  considered  it  to  be  a  hazard. 

TABLE  1 


1.  Have  you  ever  experienced  disorientation  while  piloting  a  Navy  aircraft? 


aircraft? 


Never 

68 

3.1* 

Once 

120 

6.02 

Occasionally 

1582: 

79.2* 

Freque.-.Vly 

212: 

10.7* 

No  response 

Uti 

_0.7* 

TOTAL 

2000 

ICQ* 

o  the  above  question  is  "yes" 

did  the 

Yes 

752 

37.6* 

No 

1126 

56.2:* 

No  response 

52 

2.6* 

Not  applicable 

68 

3.2:2 

TOTAL 

2000 

1002 

Table  2  lists  the  various  flight  conditions  which  contributed  to  disorientation  incidents  as  uell  as 
the  pilot's  subject  condition  at  the  time. 

TABLE  2 

FLIGHT  CONDITIONS  WHICH  CONTRIBUTED  TO  THE  DIS ORIENTATION  INCIDENTS 

(I)  (2)  (3>  (a)  (5)  Total  of 


No  anwi;er 
u  * 

7  A) 

* 

Never 

2 

Cnee 

2 

Occasionally 
#  * 

Frequently 
o  % 

(b)  &  (5) 
* 

IFR 

132: 

6  7 

lb8 

7.L 

202 

10.1 

1208 

60. b 

212 

12.1 

72.5 

VFR  Day 

226 

11-3 

1530 

76.5 

6S 

3.b 

9b 

b.7 

lb 

0." 

?.b 

V"R  Night 

268 

13-2: 

1208 

60.b 

188 

9.b 

2b2 

12.1 

26 

1.3 

13-b 

Turbulence 

light 

296 

lb. 6 

131:2 

67.1 

9b 

b,7 

17b 

8.7 

26 

1.3 

10.0 

Tarbaierce 

severe 

296 

lb. 8 

966 

LS.3 

3b  8 

17. b 

202 

10.1 

120 

6.0 

16.1 

TABLE  2  (CON'T) 


p 

1 

£ 

No 

# 

answer 

% 

v*-  / 

Never 
#  * 

H 

Once 

% 

/ 

Occasionally 
#  % 

Frequently 

#  i 

(lx)  U  (5) 
% 

I 

5 

Sevoro 

fatigue 

212 

10.7 

103h 

51.7 

2l!x 

10.7 

1x30 

21.5 

1x0 

2.0 

23-5 

I 

fe 

Lack  of 
sleep 

188 

9.1* 

818 

1x0.9 

236 

12. C 

61xlx 

32.2 

26 

1.3 

33.5 

1 

f? 

Heat  stress 

2lU 

10.7 

1328 

66. lx 

108 

5. lx 

261x 

13. lx 

Hi 

0.7 

llx.l 

5 

1 

Disc  orator  t  of 
per.  equip. 

228 

ll.lt 

101x6 

52.3 

13lx 

6.7 

1x30 

21.5 

9lx 

lx. 7 

26.2 

Headache 

2Iix 

■JA  O 

131x2 

67.1 

17lx 

8.7 

202 

10.1 

0 

— 

10.1 

Hypoxia 

228 

ll.lt 

11x76 

73.8 

188 

9. lx 

1x0 

2.0 

0 

2.0 

1 

Drugs 

21(2 

12.1 

l62lx 

81.2 

1x0 

2.0 

26 

1.3 

0 

1.3 

1 

J 

Hang ever 

228 

11.  lx 

107lx 

1x3. lx 

268 

13. lx 

322 

16.1 

1x0 

2.C 

18.1 

V 

1 

Single  light 
on  surface 

226 

11.3 

832 

1x1.6 

282 

llx.l 

liBlx 

2  lx.  2 

108 

5- lx 

29.6 

? 

"ingle  star 

21x2 

12.1 

1020 

51.0 

22x2 

12.3 

1}02 

20.1 

26 

1.3 

21. lx 

1 

i 

Ganeral  stars 

186 

9.3 

95!x 

1x7.7 

256 

12.8 

1x96 

2lx.l 

1x0 

2.0 

26.1 

Carrier  deck 

1J  ghts 

228 

ll.lt 

1262 

63-1 

13lx 

6.7 

308 

15. lx 

0 

15-lx 

f 

*KLS  lights 

228 

ll.lt 

11x73 

73.9 

108 

5. lx 

120 

6.0 

0 

— 

6.0 

| 

Passing  air¬ 
craft  lights 

160 

8.0 

105 

50.3 

268 

13  .lx 

1x81 

2li.2 

llx 

0.7 

2lx.9 

?'£  - 

Reflections 
from  windshield 

17lx 

8.7 

806 

1x0.3 

211x 

10.7 

630 

31.5 

108 

5. lx 

36.9 

s 

1 

? 

Strobing 
field  lights 

21k 

10.7 

11x90 

7lx.5 

9lx 

lx. 7 

131x 

6.7 

0 

— 

6.7 

f? 

1 

1- 

I 

Tracers  passing 

252 

12.6 

1370 

68.5 

llxrt 

7. lx 

162 

8.1 

0 

8.1 

Flicker 

phenonooon 

270 

13.5 

13*8 

66. lx 

SO 

lx.O 

228 

ll.lx 

26 

1.3 

12.7 

if 

1 

Take  off 
(catapult) 

268 

13-lt 

966 

1x8.3 

211x 

10.7 

1x16 

20.8 

68 

3. lx 

2(1.2 

Take  off 
(field) 

218 

10.8 

123U 

•>1.7 

13lx 

6,7 

322 

16.1 

26 

1.3 

17. lx 

1 

Level  flight 

106 

5.3 

832 

1x1.6 

228 

ll.lx 

698 

3L.9 

68 

3. lx 

38.3 

K 

Clinb 

200 

10.0 

712 

35.6 

21x2 

12.1 

72lx 

36. lx 

Six 

2.7 

39.1 

I 

Clide 

21x2 

12.1 

912 

1x5.6 

108 

5. lx 

5<>0 

29.5 

80 

lx.O 

33-5 

1 

Dive 

13U 

6.7 

9Slx 

1x7.7 

228 

ll.lx 

536 

26.8 

80 

lx.O 

30.8 

1 

Roll 

162 

12.1 

81x6 

1x2.3 

J7lx 

8.7 

550 

27.5 

120 

6.0 

33-5 

9 

High  C-'s  (?2) 

2C? 

10.1 

1182 

59.1 

11x8 

7- lx 

308 

15. lx 

80 

lx.O 

19.ii 

1 

Tarn  >20° 
bank 

120 

6.0 

618 

30.9 

228 

ll.lx 

858 

lit  •? 

108 

5. lx 

1x8.3 

Turn  <20° 
bank 

190 

9.5 

1x56 

22.8 

228 

ll.lx 

973 

1x8.9 

80 

U.9 

52.9 

Fomation  load 

256 

12.8 

10?lx 

53.7 

183 

9. lx 

376 

18.8 

1x0 

2.0 

20.8 

fc 

Form*  ion  wing 

131» 

6.7 

31x6 

17. lx 

228 

ll.lx 

886 

lxlx.3 

336 

16.8 

61,1 

*KLS  -  Mirror  Landing  Systen 
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Table  3  presents  data  acquired  fron  the  Naval  Safety  Center  for  the  calendar  year  196?.  A  computer 
print  out  was  analyzed  for  all  accidents  listed  as  having  vertigo/disorientation  as  a  causal  or  contributing 
factor.  Of  the  L8  accidents  only  seven  were  Identified  in  which  a  definite,  positive  statement  was  made 
as  to  the  occurrence  of  disorientation.  In  tho  remainder,  either  there  was  absolutely  no  evidence  to 
indicate  disorientation  as  a  possible  factor  or  it  was  theorized  that  disorientation  was  involved. 


TABLE  3 

AIRCRAFT  ACCIDENTS  -  CALENTAR  YEAR  65 


Total  Accidents 

712 

Disorientation/Vertigo 
coded  accidents 

L8 

6.75? 

Accidents  with  adequate  data 
to  indicate  disorientation 

7 

0.98? 

In  evaluating  tho  2,000  questionnaires  returned  to  the  Bureau,  it  was  noted  that  many  pilots  did  not 
answer  questions  as  to  flight  conditions  under  which  disorientation  occurred.  This  is  due  possibly  to  the 
fact  that  their  answer  to  question  nosToer  1  in  Table  1  was  "never."  These  omissions  were  not  tabulated 
as  "never"  replies  to  tne  question  of  flight  conditions  which  contributed  to  disorientation.  They  were 
tabulated  as  "no  response"  even  though  it  can  be  assumed  to  be  a  "never"  answer  in  accordance  with  the 
instruction  given  with  each  questionnaire. 

In  1°5£  Clark  and  Graybiel^  interviewed  137  jet  pilots  and  found  that  96%  of  the  pilots  had  experienced 
vertigo  in  jets  and  that  the  nature  of  vertigo  was  essentially  the  same  as  found  in  propeller  aircraft. 

In  our  survey  of  2,000  aviators  95-956  stated  that  they  had  experienced  spatial  disoriontaiion  at  least 
once — a  remarkable  agreement  between  these  two  studios  which  indicates  that  flying  today  apparently  has  not 
changed  nuch  in  tho  last  15  years.  In  this  case,  the  term  vertigo  and  spatial  disorientation  are  being 
used  synonymously. 

While  96%  of  the  population  had  experienced  spatial  disorientation  in  cur  sample  of  2,000  only  37.6% 
considered  it  to  have  been  a  hazard.  To  simplify  the  discussion  of  the  flight  conditions  associated  with 
spatial  disorientation  tho  percentages  for  occasional  and  frequent  experiences  are  combined  in  the  last 
column  of  Table  2.  The  most  frequent  factor  noted  was  poor  visibility.  72.5 %  of  tho  pilots  experienced 
bcuts  of  spatial  disorientation  under  Instrument  Flight  Rules  (IrR)  while  only  $.hf  experienced  this 
condition  u.ier  Visual  Flight  Rules  (VFR)  during  the  day.  Other  frequent  flight  conditions  included: 
flying  wing  formation-6i.l?;  banking  greater  than  20  degrees-52.9?}  banking  loss  than  20  degrees-hB.3<; 
olinbing-39.1?;  straight  and  level  flight -38.3/6}  airplane  in  a  glide-33-5?;  doing  a  roll-33. $%  and  lacic  of 
sleep-33. reflections  fron  one's  windshield-36.9?* 

Table  2  shows  that  every  one  of  the  factors  listed  wus  associated  with  the  onset  of  spatial 
disorientation  on  more  than  one  occasion  and  in  a  number  of  individuals.  These  results  suggost  that  many 
factors  must  be  involved  in  producing  any  particular  case  of  disorientation.  Another  conclusion  is  that 
spatial  disorientation  is  a  relatively  common  experience  with  96?  of  ail  pilots  experiencing  it  at  least 
once  in  his  flying  carreer. 

With  a  large  number  of  pilots  experiencing  the  syndrome  and  37?  feeling  that  it  had  endangered  their 
flights  on  one  or  more  occasions  one  would  expect  that  spatial  disorientation  would  be  a  significant 
factor  in  aircraft  accidents.  With  this  in  mind,  accident  data  from  the  Naval  Safety  Center  for  the 
calendar  year  1969  was  evaluated  for  accidents  in  which  disorientation  and/or  vertigo  was  listed  as  a 
causal  or  contributing  factor. 

During  i«6?  there  were  712  accidents  (Table  3).  Forty-eight  (6.75?) of  these  accidents  were  coded  for 
vert igo/disoriontat ion  as  having  contributed  or  caused  the  accident.  Upon  analysis  of  these  iiS  accidents 
it  was  found  that  only  seven  (0.96?)  had  positive  evidence  that  spatial  disorientation  plcyed  a  part  in 
causing  tho  accident.  Thirteen  accidents  were  presumably  erroneously  coded  as  there  was  no  evidence  to 
indicate  disorientation/vertigo.  In  the  remaining  28  cases  vortigo/disorientation  was  listed  as  a  possible 
cause.  But,  the  presented  evidence  was  either  not  sufficient  to  validate  disorientation  or  sufficient  to 
exclude  it  as  a  cause  of  ,he  accident.  The  following  extracts  from  the  case  histories  are  classic  examples 
of  accidents  coded  for  disorientation/vertigo  which  are  considered  to  bo  completely  erroneous  in  that 
disorientation  or  vertigo  are  not  ever,  mentioned: 

Case  1 

While  attempting  an  in-flight  refueling,  the  receiving  aircraft  was  sprayed  with  fuel  which  leaked  from 
a  faulty  drogue.  A  fire  developed  and  the  pilot  ejected... 

Case  2 

While  attempting  a  night  landing  without  runway  lights,  with  a  fogged  windshield  and  attempting  to 
avoid  an  aircraft  which  had  ist  landed,  the  pilot  allowed  the  RFM  to  drop  causing  a  hand  landing.  The 
aircraft  rolled  on  it?  side.  . 

Case  3 

During  a  spin  recovery  training  flight  the  student  induced  a  stall  spin  attitude.  After  each  recovery 
the  aircraft  returned  to  a  spin.  The  instructor  took  control  but  was  unable  to  effect  a  complete  recovery. 
Investigation  revealed  that  failure  of  the  instructor  to  apply  proper  spin  recovery  technique  was  tne  cause 
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of  mishap. . . 


Case  li 


The  Medical  Officer's  Report  indicates  most  probcblo  cause  of  the  accident  was  the  instructor  pilot 
performing  an  unauthorized  low  level  maneuver,  which  investigation  revealed  he  had  performed  on  previous 
flights  with  other  students... 

Case  $ 

Aircraft  was  taken  by  crew  chief  on  unauthorized  flight  and  flown  for  h5  minutes.  The  aircraft 
crashed  when  he  attempted  to  land. . .Clinical  examination  revealed  the  man  was  intoxicated  and  had  been 
drinking  heavily  for  three  days  prior  to  the  incident. 

Case  6 

Aircraft  experienced  a  tail  rotor  malfunction  which  resulted  in  a  crash  landing.  On  impact  the 
aircraft  burst  into  flames.  The  crew  escaped  the  burning  aircraft... 

The  following  case  is  a  classic  example  of  geographic  disorientat.on  which  should  not  be  confused  with 
or  coded  as  soatial  disorientation. 


Case  7 


Aircraft  was  on  night  cross  country.  An  alternate  Air  Force  Base  was  selected  for  landing  due  to 
weather  at  planned  landing  field.  Pilot  indicated  he  had  field  in  sight  and  disclosed  an  emergency  due  to 
low  fuel  and  requested  an  arrested  landing.  The  pilot  made  his  approach  and  landed  but  he  had  the  wrong 
field. . . 


Case  8 


This  case  is  a  good  example  of  pilot  disorientation  but  the  disorientation  had  no  relationship  to  the 
cause  of  the  accident. 

Aircraft  exper'onoed  compressor  stalls  and  after  relight  procedure  failed,  the  pilot  ejected.  He  was 
recovered  without  injury.  The  Medical  Officer's  Report  notes  the  pilot  experienced  some  degree  of 
disorientation  prior  to  ejection  while  passing  through  thunderstorms. 

Case  9 

Thi3  case  is  an  example  where  the  cause  may  have  been  spatial  disorientation  but  there  is  not  enough 
evidence  presented  to  concludo  that  disorientation  was,  in  fact,  present  and  a  contributing  factor  to  the 
accident. 

Pilot  returning  from  his  first  night  bombing  mission,  with  very  marginal  weather  apparently  became 
disoriented  or  distracted  and  flew  the  aircraft  into  the  water  approximately  seven  miles  from  end  of 
runway.  Tr.6  Medical  Officer'3  Report  indicates  fatigue  (induced  by  stressful  flight  in  marginal  weather  and 
self  induced  diet),  plus  failure  of  supervisory  personnel  to  cancel  flight  fer  inexperienced  pilot,  due  to 
weather  conditions,  contributed  to  the  accident. 


Case  10 


This  case  1-  cne  ..-i  the  few  examples  where  there  was  adequate  evidence  to  classify  the  a  \.icer.t  as  to 
the  pilot's  disorientation. 


While  attempting  a  night  Controlled  Carrier  Appioach  the  pilot  experienced  vertigo  and  disorientation. 
His  disorientation  and  confusion  increased  with  each  pass.  On  the  third  pass  the  aircraft  struck  the  ramp... 

Of  the  iif  accidents  attributed  to  disorientation,  u7  occurred  either  at  night  or  under  IFR  conditions. 
The  one  case  ch  occurred  during  the  day  was  in  a  plane  performing  aerial  combat  maneuvers  with  another 
aircraft.  A  —  of  the  seven  accidents  judged  to  have  boen  caused  by  the  pilot's  disorientation  occurred  under 
conditions  of  reduced  visibility, 
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In  rj viewing  these  accident,  and  from 
be  drawn. 


the  results  of  the  2,000  aviator  survey,  several  conclusions  can 


(l'  opatial  disorientation  is  a  common  experience,  with  9ii  of  all  pilots  experiencing  it  at  least  once. 

(' )  The  highest  incidents  of  disorientation  occur  either  at  right  or  under  IF?,  conditions. 

O)  The  incident  of  disorientation  occurs  just  as  frequently  with  straight  and  level  flight  as  i*  does 
with  wnouvors. 
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(h)  The  next  highest  incident  of  disorientation  occurs  when  flying  wing  formation. 

(?)  The  majority  of  accidents  listing  disorientation  as  a  factor  either  are  erroneously  coded  or  the 
repertf  fail  to  provide  sufficient  evidence  to  validate  a  diagnosis  of  disoriontaticn. 

Taking  the  above  conclusions  into  account  it  is  apparent  that  in  almost  ail  cases  where  disorientation 
is  present  the  visual  component  is  the  major  sensory  system  affected, 
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While  it  has  been  accepted  by  nany  that  the  vestibular  system  is  the  najor  systen  involved  in 
producing  disorientation  in  the  aviator,  with  nilliens  of  dollar."  spent  on  vestibular  research,  the 
incidence  of  disorientation  has  not  been  reduced  in  the  last  15  years.  It  is  also  evident  that  the 
diagnosis  of  disorientation  is  misused  and  applied  to  nany  accidents  without  any  real  evidence  that  the 
pilot  was,  in  fact,  disoriented. 

From  the  evidence  presented  it  appears  that  the  primary  cause  of  disorientation  is  reduced  vision  and 
not  abnormal  stimulation  of  the  vestibular  system. 

While,  at  * "ast  for  calendar  year  1969,  it  does  not  appear  that  disorientation  is  a  major  cause  of 
accidents,  it's  nigh  prevalence  among  aviators  and  the  feeling  by  a  third  of  these  pilots  that  it  hat.  been 
a  hazard  to  their  flying,  supports  the  necessity  for  a  strong  research  program  in  spatial  disorientation. 

It  is  recommended  that  a  renewed  research  effort  be  started  to  delineate  the  visual  is poets  of 
disorientation  and  establish  methods  to  offset  the  reduction  of  visual  stimulation  d>iring  periods  of  IFR 
and  night  flying. 

Hew  efforts  should  be  made  to  reevaluate  the  use  of  the  word  •’disorientation"  in  determining  the  cause 
of  aircraft  accidents.  This  effort  should  include  better  training  of  Flight  Surgeons  in  investigating  and 
evaluatin'  accidents.  Finally,  a  better  program  for  training  pilots  as  to  the  -robl-ins  of  disorientation 
resulting  from  reduced  visual  inputs  is  needed. 
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#NAMRL  11C8,  Aug  1970,  p.  2-5- 

2.  Clark,  B.  and  Jraybiel,  A.  "Vertigo,  as  a  Cause  of  Pilot  Error  in  Jet  Aircraft"  Rosearcn  Report  <?!d; 
HAVSCHAVMED  Dec  1956,  p  2. 


Opinions  oi  conclusions  contained  in  this  report  are  those  of  *  authors  and  do  not  necessarily 
reflect  the  views  o£  or  endorsement  bj;  the  United  Statos  Havy. 


DISCUSSION 

GUECRY.  You  have  made  a  critical  evaluation  of  the  48  accidents  in  which  disorientation  was  coded, 
but  you  have  not  applied  the  sane  analytic  procedure  to  the  other  650  accidents  in  which 
disorientation  was  not  itemized. 

FURR.  Disorientation  was  coded  if  it  occurred  at  any  time  during  the  accident,  but  in  20  cases  the 

disorientation  could  not  he  considered  as  cither  a  primary  c;  contributory  cause  of  the 
accident.  For  example  the  pilot  might  have  reported  that  he  was  disorientated  following 
ejection  due  to  a  fir c  caused  by  spillage  of  fuel  during  in-flight  refuelling.  Disorientation/ 
vertigo  was  coded  because  it  was  mention .-d  during  the  accicent  enquiry,  but  it  was  not  in  any¬ 
way  a  cause  of  the  accident.  In  only  7  out  of  46  incidents  -.-as  there  a  cl^ar  ind’ration, 

usually  given  by  the  aviator,  that  dir jriont.it ion  was  a  prime  cause.  Ir.  the  650  e-.tit'e’.l t 

in  which  disorientation  was  not  codo*  1  defer  to  the  Safety  Center’s  analysis. 

COLLINS.  I  believe  that  I  might  express  one  of  your  conclusions  more  cautiously  in  that  comparison  of 
your  data  with  those  of  ClaiR  S  Graybicl  docs  not  indicate  that  tuTc  has  been  no  change  in 
the  amount  of  disorient stion  experienced,  but  only  that  the  percent  igc  of  Navy  pilots  who 
have  experience  oi  disorientation  has  not  changed.  It  would  of  cous sc  he  difficult  to 
determine  whether  the  frequency  and  intensity  of  disorientation  has  remained  the  same. 

With  regard  to  the  aetiology  of  disorientation,  it  is  probably  the  interaction  o[  visual  and 
vestibular  input  that  is  important.  For  example,  w  pilot  almost  always  has  some  visual 
reference  in  the  form  of  the  instrument  panel,  if  nothing  else.  But  if  that  visual  reference 

is  nor.  fixed  relative  to  the  earth,  the  visual  information  will  be  made  to  agree  with 

vestibular  information.  Thus,  if  as  s  result  of  aircraft  motion  a  pilot  senses  by  vestibular 
inputs  that  he  is  spiralling  down  and  to  the  right,  his  cabin  will  also  appear  to  spiral  down 
and  to  the  right.  The  vestibular  sensation  is  thereby  visually  reinforced.  However,  it  the 
visual  information  is  about  objects  fixed  relative  to  the  earth,  the  visual  information  --ill 
predominate. 

FURS.  In  reference  to  your  first  cosmcnt  -  Yes,  I  agree;  only  the  percentage  of  Naval  aviators  who 
experienced  (or  have  experienced)  disorientation  seems  to  remain  the  same.  I  do  not  know, 
and  it  would  be  of  value  to  know,  if  there  has  been  a  quantitative  change.  Our  psper  gives 
some  qualitative  data. 

Likewise,  I  can  only  agree  with  your  second  enzsent.  But,  how  often  have  Naval  aviators  been 
troubled  with  the  Coriolis  effect?  Not  often,  though  they  kmrnw  what  it  is.  The  point  of  the 

paper  is  that  the  disorientation  incidents  we  see  in  naval  aviation  arise  fret)  reduced  visual 

stimulus,  not  vcstibulat  stimulation  as  a  result  of  altered  g  forces,  angular  accelerations, 
etc.  Hy  point  is  that  we  need  a  better  artificial  visual  stimulus  in  the  cockpit.  Rcseaich 

is  needed  to  give  sound  criteria  for  the  design  of  cockpit  instrumentation  so  that  the  pilot’s 

visual  environment  within  the  aircraft,  is  as  good  as  that  provided  in  day  VFR  flight. 

COLLINS.  Yet  no  ma*t-r  how  good  a  visual  display  Is  provided,  when  tha  pilot  ha*  «  powerful  vcstib-ilar 
stimulus,  the  display  (say  a  head-up  display)  can  appear  to  move  in  the  some  manner  as  the 
erroneous  vestibular  sensation  and  hence  reinforces  the  disorientation.  1  am  not  suggesting 
that  the  head-up  display  is  not  a  good  idea,  buc  it  will  not  answer  all  problems  of  in-flight 
disorientation. 

Nov  therein  lies  the  challenge  to  those  who  design  instrumentation  systems  for  as. 
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'tills  paivr  pn*se*its  those  [wyehophvsiologieal  ami  environmental  factors.  12  in  mim'oor 
x\ lifcli  most  affeet  disorientation  n*!a!ed  mishrps.  llieso  factors  are  listed  in  order  of 
nuiiiits'r  of  occur tenee  ami  it  is  indicated  that  often  multiple  factors  are  coded  in  conjunc¬ 
tion  '..ith  disorientation.  Kvitnples  of  disorientation  related  mishaps  an*  presented  to 
demonstrate  pswhoplnsiologienl  and  environmental  factor  involvement. 

In  addition,  a  graph  comparing  attack  and  fighter  pilot  flight  -*.\posiin*  lo  disorientation 
mishaps  is  charted  to  demonstrate  the  effect  of  experience  upon  control  of  disorientation, 
llie  chart  indicates  that  flight  experience  does  plav  a  role  in  deterring  of  disorientation 
mishaps. 


Disorientation.  a  condition  exjierionoed  hy  most  normal  individuals  a*  one  time  or  another,  continues  to  1h  a  deg¬ 
radation  to  flight  performance  in  naval  aviation,  lhsorfeniation  is  noted  as  a  factor  in  nearly  1 0‘T  of  the  Xavv's  nir- 
eraf'  misliaps.  iiecanse  it  Is  a  common  occurrence,  almost  all  naval  aviators  have  0x1*0 ri cneod  it  some  time  during 
their  flight  career,  with  many  tiaviug  ro|x*atod  exposures.  Aviators  an*  ordinarily  capable  of  ccntrolling  disorientn- 
ti.m  ami  recovering  normal  flight.  The  re  an*,  however,  instances  w  he  n’  dis.*rieiitalion  progresses  to  a  (mint  at  which 
control  is  lost.  Such  was  the  ease  of  a  naval  pilot  on  his  first  bombing  mission  who  Ivcatne  disoriemed  in  niarginai 
wcathes*  and  flew  the  :i*n*ral.  into  the  water,  approximately  seven  miles  from  the  end  of  the  ninwai  Umited  exjn'-ri- 
ence  was  listed  .is  a  factor.  It  was.  however,  not  the  only  one.  Hie  Medical  Officer's  Itcpurt  of  the  accident  n’l>orled 
fatigue  (induced  l*v  stn'ss  of  flight  and.  a  self-induced  diet)  as  an  additional  factor.  As  this  accident  aptlv  ilh:s*rates. 
disorieniatton  episixles  .in  veil  often  accompanied  bv  one  or  more  psvehopln siologieal  or  envi romneiiial  fnciors 
which  weigh  lieavilv  on  cause  or  control. 

To  doeuniept  those  factors  which  occur  most  frequently  with  disorientation  and  which  tray  have  an  apparent  effect 
ii|Hiii  >t.  a  two  \e.;r  review  of  nax.il  aircraft  mishaps  Involving  disorientation  was  undertaken.  Hie  period  covered 
Calendar  Years  1  this  and  1070. 
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Pile  1’.  S.  Nava1  SofcH  ('enter’s  ledieal  Officer's  Itcpnri.  a  |>ortion  of  tin*  complete  Aircraft  Accident  Il0|M!‘I 
eo ieo  11(1  ps\ etioplusr-logiea-  and  environmental  factors  which  affeet  aircraft  mishaps.  It  is  possible.  then'fore.  to 
n*p*rt  as  mam  as  11.*  faeto.-s  in  eonjii action  with  or  in  addition  to  disorientation.  Ihis  paper  deals  with  those  factors 
whn  I*  nia.  have  affected  either  cause  or  eontnil  of  a  disorientation  episode.  Of  the  115  ;*ossible  codes  72  wen*  re- 
conled  In  eonjimetion  with  the  102  disor*entation  eases  n'portcd  for  1SH*!>  and  1!*70.  K»r  the  sake  of  brevity  and  lo 
|in»vide  n*a!*stte  ro|*ortliig  (hose  factors  which  had  a  ninr.Vr  «f  **eeurn*net*s  less  than  10  wen*  eliminated  Twelve 
factors  n'niain  which  can  be  considered  to  have  afleeted  disorientation  mishaps.  Thei  an*  listed  m  descending  order 
of  nuiuivrs  of  oeeurn'nees  iKigun*  I). 


Number  of  Occurrences 


0  5  10  15  20  25  30  35  40  45 


Visibility  restriction,  weather,  hazs,  darkness. 


Limited  total  experience 


Delay  in  taking  necessary  actfon 


Failure  to  use  accepted  procedures 


Selected  wrong  course  of  action 


Misjudged  speed  or  distance 


Channelized  attention 


Distraction 


Violation  of  flight  discipline. 


Door  crew  coordination 


Fatigue . 


Figure  1 

These  12  factors  accounted  for  53%  of  the  total  citations  of  psv chcphys io.ogl cal  and  environmental  factors  associ¬ 
ated  with  disorientation.  The  first,  visibility  restriction — weatlicr.  haze,  darkness  itself  accounted  for  101.  Night 
operations  and  flights  into  marginal  weather  are  a  continual  problem  particularly  for  inexperienced  aviators.  In  one 
accident,  a  pilot  attempting  a  night  carrier  controlled  approach  became  disoriented.  His  disorientation  and  confusion 
increased  with  each  pass  until  on  the  third  pass  tile  aircraft  struck  the  ramp.  In  an  approach  to  a  landing  at  night  with 
extremely  -toor  visibility  in  rain  and  with  a  cross-wind,  another  pilot  apparently  mistook  the  white  runway  edge's 
stripe  for  «hc  center  line.  He  touched  down  slightly  to  the  left  of  the  edge  stripe,  overran  the  morcst  bunker  and  con¬ 
tinued  down  the  runway.  The  pilot  remained  with  the  aircraft  and  fortunately  received  only  minor  injuries.  The  Medi¬ 
cal  Officer's  Report  indicated  that  an  additional  factor  once  again,  fatigue,  was  also  present. 

As  mentioned  previously,  it  is  not  uncommon  for  more  than  one  psv  chophysiological  or  environmental  factor  to  oe 
present  in  an  aircraft  mishap.  In  a  number  of  cases  an  accumulation  of  factors  may  collectively  bring  about  a  mishap. 
A  training  aircraft  with  an  inexperienced  instructor  and  student  aboard  crashed  during  a  formation  trairor.g  flight. 

The  Medical  Officer's  Report  states  that  the  mishap  may  have  been  a  result  of  an  inexperienced  instructor  (factor  It 
attempting  a  low  altitude  unauthorized  maneuver  (factor  2).  Inch  ic  disorientation  and  we  have  three  factors  affecting 
this  mishap.  This  case,  of  course,  is  only  one  of  several.  In  fact,  there  were  verv  <t*w  of  the  102  disorientation  mis¬ 
haps  in  which  no  additional  factor  was  coded.  Only  four  of  the  102  cases  or  a  mere  41  vverc  recorded  alone  (Figure  2). 
The  remaining  9S  cases  had  as  few  as  one  or  as  many  as  seven  additional  factors  listed. 
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Additional  Factors 


Figure  2 
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Seven  is  the  maximum  number  of  additional  factors  which  can  be  computer  recorded.  In  31  of  the  102  disorientation 
eases,  (33^;.  the  maximum  of  seven  additional  factors  were  coded. 

An  A— 1  on  a  bombing  and  tactics  mission,  during  a  tactics  run  overshot,  performed  two  acrobat  maneuvers  and 
broke  off.  The  aircraft  began  a  gentle  roll  right  while  in  a  nose-up  attitude  with  about  90  degrees  angle  of  bank.  The 
pilot  neutralized  the  controls  but  the  aircraft  continued  to  ro'l  in  a  stalled  condition.  When  he  found  the  aircraft  would 
not  reepond  to  lateral  stick  movements  he  checked  the  turn  and  bank  Indicator.  Both  the  needle  and  ball  were  pegged 
to  the  right.  Assuming  he  was  in  an  inverted  spin  he  applied  full  left  rudder  and  reduced  the  power.  He  noticed  no 
aircraft  response  and  because  he  was  below  10,000  feet  he  ejected.  The  pilot  apparently  lost  advantage  during  a  tac¬ 
tics  flight  and  in  an  attempt  to  keep  the  pursuing  aircraft  in  sight  became  somewhat  disoriented,  failed  to  recognize  a 
developing  situation  and  lost  control  of  the  aircraft.  Seven  psychophysiological  and  environmental  factors  (Figure  3) 
were  coded  in  this  mishap  in  addition  -,o  disorientation. 

A-4  Psvchiynvslologlcnl  and  Environmental  Factors 

1.  Limited  total  experience. 

2.  Failure  to  use  accepted  procedures. 

3.  Channelized  attention. 

4.  Misjudged  speed  or  distance. 

5.  Selected  wrong  course  of  action. 

G.  Excessive  motivation  to  succeed. 

7.  Misinterpreted  instrument  reading. 

Figure  3 

Note  that  the  first  five  of  the  seven  additional  factors  are  Included  among  those  12  factors  (Figure  1)  which  were  con¬ 
sidered  to  have  the  majority  of  effect  upon  disorientation  occurrences. 

One  final  disorientation  mishap  is  discussed  because  it  involved  a  naval  flight  surgeon/aviator  in  control  of  a  jet 
aircraft.  He  vas  attempting  a  night  ground  control  approach  with  weather  200  feet  and  one  mile  visibility,  which  was 
oclow  standard  minimums.  The  pilot  was  high  on  the  glide  slope  and  was  given  a  wave  off.  The  aircraft  continued 
down  the  runway  with  gear  and  flaps  down  before  attempting  to  turn.  Approximately  40  seconds  later  the  aircraft  im¬ 
pacted  the  ground,  with  no  attempted  ejection.  It  Is  suspected  that  disorientation  may  have  occurred  when  the  pilot 
returned  to  instruments  after  attempting  a  VFH  fix.  The  pilot  was  also  limited  in  actual  night  instrument  time.  Again, 
there  are  seven  psychophysiological  and  environmental  factors  (Figure  4)  in  addition  to  disorientation. 

Flight  Surgeon/Aviator- Psychophysicloglcal 
and  Environmental  Factors 

1 .  Failure  to  use  accepted  procedures. 

2.  Visibility  restriction  -  weather,  haze,  darkness. 

3.  Poor  crew  coordination. 

4.  Disorientation. 

5.  Violation  of  flight  discipline. 

G.  Faulty  preparation  of  personal  equipment. 

7.  Inadequate  weather  analysis. 

Figure  4 

And,  here  again,  five  of  the  seven  additional  factors  recorded  were  among  those  which  ranked  highest  as  factors  af¬ 
fecting  disorientation.  These  cases  illustrate  that  disorientation  is  seldom  the  result  of  a  single  factor,  but  rather 
occurs  from  the  interaction  of  multiple  factors  operating  together.  One  of  the  most  important  of  these  factors  is  the 
experience  of  the  pilot.  It  is  fairly  well  accepted  that  the  more  flight  experience  a  pilot  logs,  and  the  more  training 
he  receives,  the  greater  his  chances  of  overcoming  disorientation. 

In  order  to  document  the  theory  that  the  chronological  experience  is  an  asset  to  deterring  or  controlling  disorien¬ 
tation.  the  distribution  of  years  of  experience  of  fighter  and  attack  pilots  involved  in  disorientation  mishaps  was  com¬ 
pared  to  the  population  exposure  distribution  for  this  group.  Details  of  the  exposure  curve  are  given  in  an  earlier 
Safety  Center  report. 
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Figure  5 

The  broken  line  represents  population  exposure  for  attack  and  fighter  pilots  as  a  function  of  the  number  of  years  as 
designated  naval  aviators  (DNA's),  while  the  solid  line  indicates  the  distribution  of  disorientation  mishaps  for  the 
fightcr/attack  group.  The  attack  and  fighter  pilots  were  chosen  for  charting  because  of  the  larger  numbers  of  dis¬ 
orientation  episodes  occurring  within  that  community.  The  authors  believe  this  to  be  the  first  attempt  within  the  U. 

S.  Navy  to  examine  the  effect  of  flight  experience  on  disorientation  occurrences  with  flight  exposure  controlled.  The 
comparison  indicates  a  high  potential  risk  for  disorientation  mishaps  within  the  first  Wo  years  of  designation  with  a 
decline  as  experience  increases  up  to  the  fourth  year.  After  the  seventh  ear  of  designation  the  curves  appear  to 
stabilize,  and  additional  experience  produces  no  further  reduction.  Within  limits,  the  greater  the  number  of  year's 
of  flight  experience  the  pilot  has,  the  lower  his  chances  of  a  disorientation  mishap.  Experience  docs  play  a  role  in 
control  of  disorientation. 

In  summary  it  appears  that  the  12  factors  discussed  are  most  significant  in  affecting  disorientation  occurrences 
and  their  outcomes.  One  of  these  factors,  experience,  was  shown  to  t  !  of  great  importance  in  deterring  disorienta¬ 
tion  with  the  first  Wo  years  of  flying  much  more  hazardous  than  the  later  years.  It  is  a  most  complex  problem  and 
in  order  to  solve  it  we  must  attempt  to  eliminate  or  reduce  the  impact  of  the  factors  which  arc  critical  in  the  genesis 
of  disorientation  episodes  and  the  control  of  these  episodes  onee  they  occur.  Such  improvement  will  come  only  from 
responsible  flight  scheduling  which  considers  environmental  and  psychophysiological  exposure  as  weil  as  training  and 
flight  crew  experience. 
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:rience  and  Pilot  Caused  Carrier  Landing 


DISCUSSION 

O'CONNOR.  I  would  like  to  point  out  the  sioilarity  between  your  last  figure  (Fig.  5)  and  the  incidence 
cf  psychiatric  illness  in  aircrew.  There  is  a  high  incidence  in  the  first  few  years  with 
a  second  peak  in  later  life  perhaps  due  to  the  effects  of  many  hours  flying  3nd  the  stresses 
of  life.  Do  you  think  this  similarity  is  significant  and  if  you  do,  what  is  the  reason  for 
it? 

NINOW.  I  agree.  The  second  peak  would  appear  to  represent  aviators  of  an  age  and  experience  in  whoa 

the  'fear  of  flying'  syndrome  is  aost  frequently  seen,  probably  due  to  incicased  family 
responsibilities  as  well  as  the  protracted  demand!  of  the  military  career. 
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DISORIENTING  EFFECTS  OF  AIRCRAFT  CATAPULT  LAtl.TCHINGS 
by 

Malcolm  M.  Cohen,  Richard  J.  Crosbie,  and  Laurence  H.  Blackburn 
Crew  Systems  Department 
Naval  Air  Development  Center 
Warminster,  Pennsylvania  18974 


SUMMARY 

The  Naval  Air  Development  Center  Human  Centrifuge  Facility  was  used  to 
simulate  the  acceleration  profiles  encountered  in  aircraft  catapult  launch¬ 
ings,  Twelve  subjects  attempted  to  keep  a  continuously  moving  target  at 
subjective  eye  leve1  before,  during,  and  after  exposure  to  simulated 
catapult  launch  accelerations.  Our  results  demonstrated  that  subjective 
eye  level  was  changed  by  exposure  to  the  accelerative  forces.  The  change 
in  subjective  eye  level  persisted,  in  some  cases,  for  as  long  as  three 
minutes  after  the  simulated  iaunch  sequence  was  completed.  The  results  are 
discussed  in  terms  of  the  effects  of  rotated  acceleration  vectors  on  human 
spati?l  orientation,  and  the  data  are  related  to  certain  types  of  aircraft 
losses  that  have  been  reported  following  catapult  launchings  at  night. 


INTRODUCTION 
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When  an  aircraft  is  launched  from  the  deck  of  a  carrier,  the  pilot  is  exposed  to  a  sudden 
and  dramatic  change  in  the  accelerative  forces  actirnj  on  his  body.  He  is  pushed  sharply  back  into  his 
seat  as  the  aircraft  hurtles  forward,  accelerating  rapidly  to  attain  adequate  airspeed.  Although  the 
acceleration  is  of  but  brief  duration,  lasting  for  only  two  to  four  seconds,  it  is  of  sufficient  inten¬ 
sity  that  the  pilot  may  be  disoriented  during  its  application  and  for  son*  time  thereafter. 

The  Gx  (chest-to-spine)  acceleration  experienced  by  the  pilot  is  vectored  with  gravity,  and 
the  combined  gravitational-inertial  acceleration  vector  is  increased  in  length  and  rotated  as  the  catapult 
forces  are  applied.  At  the  end  of  the  catapult  stroke,  the  accelerative  forces  are  removed,  and  the 
vector  resumes  its  natural  G2  (head-to-foot)  orientation.  Thus,  the  combined  gravitational-inertial 
acceleration  vector  changes  rapidly  both  in  length  and  direction.  For  an  acceleration  of  4.0  Gx,  the 
resultant  vector  is  rotated  approximately  76°  and  increased  in  length  by  more  than  4.12  times. 

The  illusions  and  perceptual -motor  effects  that  accompany  changed  acceleration  vectors  have 
been  described  in  the  literature  by  several  investigators  (1-6),  and  certain  of  the  mechanisms  that  under¬ 
lie  them  have  been  well  documented  (7,  8).  Further,  the  probable  significance  of  the  illusions  in 
so-called  "dark  night  takeoff  accidents"  has  been  elucidated  in  detail  (9). 

For  the  most  part,  however,  experimental  research  has  been  concerned  with  the  effects  of 
sma1!  amplitude  and  long  duration,  rather  than  large  amplitude  and  transient,  accelerations.  Because 
quantitative  information  concerning  the  effects  of  suddenly  applied,  short  duration,  accelerative  forces 
on  illusions  of  spatial  orientation  is  extremely  limited,  the  current  experiment  was  undertaken. 


METHOD 


Subjects 

Twelve  volunteer  male  subjects  served  in  this  experiment.  Of  the  twelve  men,  six  were  U.S. 
Navy  pilots  who  had  experienced  aircraft  catapult  launchings  in  the  preceeding  six  months  period,  and  six 
were  enlisted  men  without  catapult  experience.  The  subjects  ranged  in  age  from  21  to  39  years,  with  a 
mean  of  34  years;  they  ranged  in  height  from  165  to  191  centireters,  with  a  mean  of  1 79  centimeters;  they 
varied  in  weight  from  62  to  n7  kilograms,  with  a  mean  weight  of  79  kilograms. 

The  subjects  underwent  a  thorough  medical  examination  before  they  vere  selected  for  the 
experiment;  all  were  judged  to  l*  in  excellent  physical  health  and  to  be  free  of  any  visual,  moto1',  or 
vestibular  abnormalities. 

Apparatus 

The  data  to  be  reported  here  were  all  collected  at  the  Naval  f'r  Development  Center  Human 
Centrifuge  Facility.  A  detailed  description  of  the  facility  may  be  found  elsewnere  (10,  11).  The  normal 
orientation  of  the  subject  in  the  gondola  of  the  centrifuge  was  modified  in  this  study  so  that  the  pitch 
gimbal  was  used  as  a  yaw  gimbal.  By  controlling  the  yaw  angle,  the  tangential  (Gy)  and  radial  (Gg) 
accelerative  forces  were  vectored  to  provide  a  linea’-  acceleration  in  the  Gx,  or  chest-to-spine  direction. 

Figure  1  illustrates  the  manner  in  which  the  centrifuge  was  used  to  simulate  the  accelera¬ 
tive  forces  encountered  in  aircraft  catapult  launchings. 
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Figure  1  -  Schematic  representation  of  a  catapult  simulation  on  the  human 
centrifuge. 

The  subject  is  seated  facing  the  direction  of  the  open  arrows.  At  T  =  0 
seconds,  the  centrifuge  arm  begins  to  turn,  leading  to  a  rapid  onset  of 
tangential  acceleration  (Gx).  As  the  velocity  of  the  centrifuge  arm 
increases,  radial  accelerations  (Gr)  are  generated.  The  subject  is  rotated 
counterclockwise  by  the  yaw  gimbal  so  that  the  chest-to-spine  (Gx)  accel¬ 
erative  forces  always  lie  along  the  resolution  of  Gx  and  Gr.  At  T  =  1.6 
seconds,  Gx  approaches  zero,  and  Gx  is  identified  by  Gr.  At  T  =  3.2 
seconds,  the  centrifuge  arm  comes  to  rest.  The  subject  is  now  facing  in 
the  same  direction  as  he  was  at  the  beginning  of  the  simulation,  having 
been  rotated  through  approximately  180°  by  the  centrifuge  arm,  and  180°  by 
the  yaw  gimbai. 


In  a  typical  catapult  launch,  the  pilot  is  exposed  to  an  impulse  acceleration  of  2  to  4  3 
seconds  that  peaks  at  3  to  5  Gx.  The  centrifuge  simulation,  approximates  these  values  very  closely,  and  | 
Figure  2  presents  a  simultaneous  comparison  of  the  centrifuge  simulation  with  an  actual  catapult  launch  | 
acceleration  profile.  | 
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The  apparatus  used  to  present  the  test  stimulus  and  to  measure  changes  in  its  apparent 
elevation  is  illustrated  in  Figure  3. 
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Figure  3  -  Anparatus  used  to  measure  changes  in  apoarent  target  elevate 

The  apparatus  consisted  of  a  servo-driven  image  projector  and  a  white  s 
radius  of  about  92  centimeters.  The  projector  cast  a  25-rill imeter  outer  diameter  anui 
(target)  on  the  screen  at  a  distance  of  approximately  92  centimeters  from  tne  subject's  e., 
target  was  visible  in  the  otherwise  totally  darkened  gondola. 
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At  the  beginning  of  each  data  collection  session,  the  position  of  the  subject's  seat  was 
adjusted  so  that  his  eyes  were  in  line  with  the  axis  of  the  projector.  After  this  adjustment  was  com¬ 
pleted,  the  subject  sat  in  the  darkened  gondola  for  about  2  to  5  minutes  while  calibrations  were 
performed  on  the  apparatus. 

Following  the  calibration  period,  the  experimenter  activated  the  servo  motor  and  image 
proir.tcr.  The  servo  motor  continuously  drove  the  target  eit1''**'  up  or  down  at  a  rate  of  5  degrees  per 
second.  The  subject,  who  was  provided  with  a  control  switch  that  reversed  the  direction  in  which  the 
target  moved,  continuously  bracketed  the  position  that  he  considered  to  be  at  his  eye  level. 

All  twelve  subjects  underwent  four  sessions  in  which  data  were  collected.  The  sessions 
lasted  for  five  minutes  each,  and  exactly  120  seconds  into  the  session,  the  subject  was  exposed  to  the 
simulated  catapult  launch  accelerations  depicted  in  Figure  2.  In  order  to  assure  that  the  subjects  were 
net  unduly  startled  or  surprised  by  the  rapid  acceleration,  a  five-second  count-down  to  the  catapult 
simulation  was  begun  exactly  115  seconds  into  each  cession. 

Data  were  collected  continuously  throughout  each  session,  and  the  output  of  the  servo 
follower  was  monitored  on  strip  chart  and  magnetic  tape  recorders.  The  output  signal,  which  was  analyzed 
on  line  with  the  aid  of  an  tAI  analog  computer  (Model  231-R),  was  averaged  over  each  ten-second  period  of 
the  session.  The  mean  of  each  ten-second  average  was  then  computed  across  all  four  sessions  for  each 
subject.  The  first  ten  of  these  ten-second  means  was  avetaged  to  provide  a  baseline  for  each  subject, 
and  all  data  were  then  evaluated  as  deviations  from  this  mean  baseline  value. 


RESULTS 

Mean  measures  of  the  subjects'  performance  in  seating  the  target  to  apparent  eye  level  are 
presented  ir.  Figure  <5.  The  data  ore  plotted  to  show  the  magni  .ude  of  the  illusion  in  degrees  as  a  func¬ 
tion  of  time  into  the  experiment.  Positive  illusion  values  indicate  that  an  immobile  target  would 
appear  to  bo  elevated,  and  negative  values  indicate  that  an  irvobile  target  would  appear  to  be  depressed. 

Since  the  subject  continuously  adjusted  the  position  of  the  target  to  keep  it  at  apparent  eye  level, 
positive  values  were  obtained  when  the  target  was  lowered  below  the  subject's  baseline,  and  negative  ]| 

values  were  obtained  when  the  target  was  raised  above  the  baswhne.  it 
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Figure  4  -  Illusions  of  apparent  target  elevation  due  to  simulated  catapult 
launches. 


Initially,  the  subjects  performed  quite  well,  and  there  was  very  little  variation  In  the 
sittings  of  the  target  to  apparent  eye  level.  The  simulated  catapult  launch  {shown  by  the  up  and  down 
arrows  on  the  abscissa)  led  to  a  dramatic  chanqe  In  settings  to  apparent  eye  level.  The  Illusion 
appeared  within  the  first  few  seconds  following  onset  of  the  catapult  simulation,  and  It  persisted  for 

some  time  thereafter. 

Tor  purposes  of  statistical  analysis,  the  data  from  each  sesnon  were  sampled  In  three 
.'Hi-second  segments:  the  Initial  TO  seconds,  the  30-second  period  Immediately  following  the  catapult 
simulation,  and  the  final  30  seconds.  The  magnitude  of  the  Illusion  was  examined  as  a  function  of  the 
previous  experience  of  the  subjects  (pilots  vs.  naive),  and  the  particular  data  segment  sampled. 

Previous  experience  with  catapult  launches  was  not  found  to  be  statistically  significant  (F<1.00),  nor 
was  its  interaction  with  the  data  segment  sampled  (f<1.00).  The  data  segment  sampled,  however,  was 
highly  significant  (F  »  0.40;  d.f.  *  2/102;  p<0.001). 

Eleven  of  the  twelve  subjects  tested  demonstrated  Illusions  during  the  30-second  period 
Immediately  following  the  catapult  simulation.  The  range  of  illusions  obtained  from  Individual  subjects 
across  each  30-socond  data  segment  were:  -1.03°  to  +2.20"  for  the  Initial  30  seconds;  -1,14°  to  +10.70° 
for  the  30-second  segment  Immediately  following  the  catapult  simulation;  and  -3.30° to  ♦5.23°  for  the 
final  30  seconds. 

The  results  indicate,  quite  unambiguously,  that  transient  Gx  accelerations  lead  to  Illusory 
changes  in  apparent  eye  1c. ei  cna;  can  persist  long  after  the  Gx  accelerations  are  terminated. 


DISCUSSION 

The  Illusions  demonstrated  In  this  experiment  may  very  well  have  great  functional  slgnlfl-  * 

canco  under  conditions  In  which  the  pilot  does  not  properly  monitor  his  flight  Instruments.  Consider  a 
pilot  who  has  just  completed  a  night  catapult  launch  from  the  deck  of  a  carrier.  In  the  absence  of 
external  visual  cues,  the  pilot  normally  Is  unable  to  differentiate  the  catapult  launch  forces  into  their 
inertial  and  gravitational  components.  Thus,  the  r 4 T ot  may  experience  ar.  Illusory  pitch-up  attitude. 

Even  if  his  aircraft  were  In  straight  and  level  flight,  his  entire  array  of  cockpit  instruments  would 
appear  to  rise  before  him.  In  fact,  the  aircraft  would  probably  be  climbing  In  a  nose-up  attitude,  and 
the  Illusion  would  be  compounded  with  this,  making  the  pilot  believe  that  his  angle  of  attack  was  exces¬ 
sive.  The  natural  "correction"  would  be  to  ease  forward  on  the  stick,  reducing  the  "excessive"  angle  of 
attack.  At  this  point,  the  aircraft  could  be  placed  In  a  dive,  but  the  pilot  would  still  perceive  himself 
to  be  cl Imblng. 

Further  complications  would  occur  upon  flap  retraction.  The  resulting  downward  pitch  and 
subsequent  Increase  In  airspeed  could  lead  to  effects  similar  to  those  brought  about  by  the  catapult 
launch  accelerations,  These  effects  probably  could  combine  with  the  catapult  launch  effects,  and  result 
in  still  greator  Illusions,  Tho  momentary  distraction  from  flight  Instruments  due  to  flap  retraction, 
coupled  with  Increased  Illusions  could  make  the  situation  still  more  hazardous.  The  results  could  be 
disastrous. 
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A  promising  line  of  research,  with  a  goal  towards  eliminating  these  dangerous  illusions 
was  recently  suggested  by  Cramer  and  Wolfe  (12).  They  argue  that  "...  the  magnitude  of  the  resultant 
vector.  .  .depends  upon  conditions  of  acceleration.  It  should  be  possible  to  learn  to  make  psycncphysi- 
ologic  determinations  of  the  length  of  this  vector  and  to  use  this  in  conjunction  with  prior  information 
on  the  length  or  direction  of  the  gravity  vector  in  achieving  appropriate  pitch  control  under  a  number  of 
conditions.  .  ." 

Whether  or  not  a  training  program  could  eliminate  hazards  due  to  illusions  of  pitch  under 
transient  high-amplitude  accelerations  as  well  as  under  long  term  low-amplitude  accelerations  is  matter 
for  emperfeal  investigation.  At  present,  however,  it  seems  clear  that  there  is  no  adequate  substitute 
for  careful,  conscientious,  and  jeeurate  monitoring  of  flight  instruments. 
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WOLBARShT.  '-’hat  was  the  scatter  of  the  subjective  estimates  of  target  light  position,  and  could  any  of 
the  differences  you  found  be  attributed  to  the  experience  of  the  subjects? 

COHEN.  The  scatter  was  large;  unfortunately  I  do  not  have  the  data  with  oe  so  1  cannot  give  precise 

"  values.  In  the  experiment  we  used  both  naive  subjects  and  experienced  pilots;  the  data 

points  iron  the  two  graphs  overlapped,  so  we  can/.-'t  say  experience  has  a  significant  effect 
or.  the  illusory  perception. 

BENSON.  The  simulation  was  not  identical  to  the  ’real  life'  situation  in  that,  in  the  centrifuge, 
the  subject  was  exposed  to  an  angular  movement  in  yaw  of  180°.  Do  you  think  that  this 
notion  influenced  the  perception  of  target  light  position? 

COHEN.  Probably  not.  Although  the  simulation  did  no£  identically  reproduce  the  real  life  situation, 

~  and  although  the  subjects  were  rotated  by  180  about  the  Z-sxis,  there  is  no  a  priori  reason 

that  I  know  of  why  this  should  significantly  influence  their  perception  of  the  target's 
elevation.  Also,  when  asked  about  the  sensations  of  the  catapult  simulation,  none  of  the 
subjects  reported  that  they  even  felt  the  rotation  about  their  yaw  (Z)  axis. 

1ENSOS.  I  think  it  is  most  gratifying  to  sec  experimental  evidence  which  accounts  for  an  illusory 
perception  of  pitch  attitude  after  a  brief  exposure  to  a  Gx  acceleration,  as  the  illusory 
perception  associated  with  longitudinal  accelerations  (eg  on  overshoot)  has  not  been 
explained  adequately  in  the  past  on  the  basis  of  the  'oculogvtvic  illusion'.  What  do  you 
think  i*  the  reason  for  the  long  persistence  of  the  illusion  after  the  rcl  lively  short 
duration  acceleration  employed  in  your  experiments? 
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COHEM.  I  don't  really  know,  but  transient  overloading  of  a  sensory  system  often  leads  to  effects 

that  have  slow  decay  rates.  Intense  auditory,  visual,  or  tactile  stimulation  can  often 
result  in  positive  after-sensations  long  after  the  stimulation  itself  nas  been  removed.  With 
semi-circular  canal  stimulation,  long  term  after  effects  have  been  well  documented.  Kith  the 
otoliths,  though,  the  picture  is  not  so  clear-cut.  I  think  .hat,  rather  than  the  length 
of  stimulus  application,  the  rise  time  and  peak  intensity  are  the  more  important  in  deter¬ 
mining  the  persistence  of  the  illusions.  Hut  I  just  don't  have  the  data  to  determine  the 
specific  basis  for  the  persis'ence,  except  to  say  that  it  probably  i.t  at  least  partially 
vestibular  in  origin. 

BEN SOM.  In  addition  to  the  illusion  in  pitch  attitude  which  you  have  demonstrated,  in  actual  flight 

correction  for  the  illusory  pitch  attitude  produces  a  curved  flight  path  and  an  additional 
change  in  the  direction  and  magnitude  of  the  acceleration  vector,  which  may  further  accentuate 
the  illusion. 

COHEN.  Yes,  I  quite  agree. 

GUEDRY.  I  also  found  your  paper  most  interesting.  Is  it  possible  to  produce  a  real  change  in  pitch, 

"  involving  angular  acceleration  about  the  Y-axis,  during  or  jest  after  Gx  acceleration?  I 

ask  this  because  ther^  arc  changes  in  pitch  involving  angular  accelerations  during  catapult 
launches,  which  act  in  the  same  direction  as  the  rotation  of  the  resultant  linear  acceleration 
vector. 

COHEN.  Your  point  is  well  taken.  The  extra  upward  rotation  about  the  y-a:;is  at  the  end  of  the 

catapult  stroke  could  contribute  still  further  to  the  illusion.  Al:o,  under  those  conditions, 
there  would  be  no  question  about  semi-circular  canal  stimulation.  Unfortunately,  we  arc  not 
able  to  provide  the  extra  upward  pitch  on  our  centrifuge  because  our  normal  pitch  gimbal  is 
used  to  yaw  the  subject  during  the  acceleration.  However,  with  some  modifications,  ic  cay  be 
possible  to  include  the  upward  pitch,  as  you  suggest.  It  certainly  is  worth  considering. 

DOBIE.  I  have  a  small  observation  concerning  the  oculo-gyral  illusion  (0>I)  and  flying  experience. 

In  studies  carried  out  on  RAF  aircrew,  no  relationship  could  be  shown  between  the  cupuiogram 
characteristics  of  some  600  subjects  and  their  flying  experience  -  from  'naive'  to  current 
aerobatic  pilots  -  when  the  0G1  end  point  was  used  in  sensation  cupulometry. 

COHEN.  Your  comment  is  very  interesting.  At  the  physiological  level,  there  is  probably  no  difference 

between  the  responses  of  experienced  and  naive  subjects.  Also,  from  my  data,  the  illusions 
do  not  differ  significantly  with  the  subjects'  previous  flight  experience.  Without  specific 
training  to  discriminate  between  Gx  accelerations  and  changes  in  pitch  attitude,  the  value  of 
experience  will  probably  show  up  only  in  actual  fligh^  performance.  The  illusion  is  most 
likely  to  be  as  strong  in  experienced  pilots  as  in  naive  subjects,  but  the  experiei.  :ed  pilots 
gene,  ally  attend  to,  and  believe  in,  their  instruments.  As  long  as  the  instruments  are 
correct,  ar.d  as  long  as  the  pilots  respond  as  their  instruments  indicate,  everything  will  be 
OK.  It  is  when  the  pilot  gives  in  to  hie  illusory  sensations,  and  disregards  his  instruments 
that  he  gets  into  trouble. 

COLLINS.  Y  "'.r  findings  of  'long-term'  effects  of  vestibular  stimulation  is  of  particular  interest  to 

'-■';h  X  might  add  a  supportive,  if  non-quantitative,  observation.  In  many  CAMI  demonstrations 
of  Coriolis  effects,  in  which  the  subject  on  the  turntable  was  enclosed  by  an  illuminated 
cabin,  a  given  head  movement  might  give  a  sensation  of  'climb'  and  the  cabin  would  appear  to 
tilt  upward. 

After  several  seconds,  the  cabin  would  (visually)  appear  to  reach  an  .almost  'straight-and- 
level'  attitude,  though  some  subjects  would  report  s  slight  but  persistent  'nose-up' 

attitude  for  a  minute  or  core.  Since  these  were  only  demonstrations,  we  went  ahead  with 
another  head  movement,  so  we  have  no  quantitative  data  regarding  the  persistence  of  the 
effect.  However,  it  does  support  your  results  regarding  long-term  effects  of  relatively 
'impulsive'  vestibular  stimulation.  These  phenomenon  also  appear  to  be  associated  with  a 
visual  environment  that  is  not  fixed  relative  to  the  earth. 

COHEN.  Thank  you  for  your  observations.  I  think  that  a  good  deal  of  research  needs  to  be  done  on  .'he 

illusions  brought  about  by  ’impulsive'  vestibular  stimulation.  Also,  the  persistence  of 
these  illusions  after  the  stimulus  is  terminated  merits  further  study. 
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SUMMARY 

Several  investigators  have  suggested  that  high  intensity  noise  stimulates  the  vestibular  system, 
since  numerous  subjective  reports  of  disorientation,  nausea,  and  giddiness  have  been  reported.  In  the 
present  study,  nystagmography,  vertical  perception,  and  a  rail  test  of  human  equilibrium  were  used  to 
measure  the  response  c>f  human  s  ibjects  to  acoustic  stimulation.  Ho  nystagmus  was  obtained  and  the  percep¬ 
tions  of  the  vertical  task  yielc-j  no  consistent  effects,  iiwever,  the  rail  task  was  quite  sensitive  to 
acoustic  stimulation.  Decrements  on  the  task  of  2UX  to  351  were  obtained  in  high  intensity  nc-ise  of  140 
d8  even  when  subjects  wore  ear  protectors.  In  other  experiments,  levels  as  low  as  100  dB  were  found  tc 
produce  an  adverse  effect  on  the  task.  7ne  results  are  discussed  as  a  possible  effect  of  the  action  of 
high  intensity  noise  on  the  vestibular  system. 


INTRODUCTION 

Ades  (1)  revijwed  a  number  of  studies  concerning  nan's  ability  to  maintain  his  orientation  during 
exposure  to  high  intensity  acoustical  energy.  Many  instances  of  equilibratory  and  postural  disturbances 
were  cited  such  as  vertigo,  nausea,  nystagmus,  visual  field  shifting,  feeling  of  forced  movement,  and 
staggering  and  falling.  An  asyirmetri cal  noise  condition,  where  there  were  unequal  stimulus  intensities  at 
the  two  ears,  produced  the  most  disturbing  effects.  Ades  further  emphasized  that  future  studies  should 
concentrate  more  on  broadband  noise  environments  that  simulate  the  spectra  of  jet  engines,  since  this  is 
the  practical  operational  problem.  In  the  review  a  nunier  of  conclusions  were  drawn:  "The  first  sensory 
system  after  the  auditory  to  be  assaulted  by  intense  noise  is  the  vestibular.--  In  the  frequency  range  300  - 
3000  cps,  thresholds  for  vestibular  stimulation  were  approximately  135  -  150  JB  for  the  unprotected  ear. 

The  most  sensitive  range  was  1000  to  1500  cycles."  These  levels  seem  very  high,  ar.d  the  person  exposed 
to  such  intense  levels  for  other  than  a  short  period  of  time  is  in  serious  danger  of  suf'yring  permanent 
threshold  shifts  in  hearing.  There  is  the  possibility  that  vestibular  effects  have  been  demonstrated  at 
much  lower  levels  than  those  cited  above.  For  examole,  ir>  a  study  by  von  uekesy,  head  deviations,  of  toe 
order  of  a  millimeter,  were  obtained  in  response  to  noise  levels  as  lew  as  100  dB.  Further,  von  Bekesy 
found  that  vertigo  was  produced  in  his  subjects  by  a  two  minute  exposure  to  a  tone  of  100  Hz  at  120  dB 
pulsed  three  times  a  second.  Ades  accepts  the  validity  of  these  findings,  however,  ne  points  out:  “Our 
own  endpoints  are  relatively  crude,  but  o,-r  threshold  values  are  probably  closer  to  the  sound  levels  at 
which  acoustic  stimulation  of  the  vestibuiar  apparatus  may  become  practically  significant."  Of  course, 
practical  significance  Is  difficult  to  define,  and  depends  mainly  on  the  task  a  man  is  required  to  perform, 
not  only  during  exposure  to  the  noise  but  for  an  undetermined  amount  of  time  after  the  exposure.  Further, 
even  though  a  result  may  not  be  of  immediate  practical  importance,  it  may  have  considerate  theoretical 
significance  if  it  gives  some  understanding  of  the  manner  in  which  acoustical  energy  stimulates  the  vestib¬ 
ular  system. 


Dickson  and  Chadwick  (2)  have  pointed  out  that  it  is  difficult  to  determine  if  the  vestibular  system 
is  being  stimulated  from  subjective  comnents.  They  conducted  interviews  with  individuals  working  in  the 
vicinity  of  operating  jet  engines  to  obtain  their  subjective  experiences  when  standing  In  certain  critical 
ncise  locations.  They  found  that  "descriptions  varied  and  were  vague,"  but  wen  best  described  by  “one  of 
the  engineers  who  said  he  experienced  a  momentary  sensation  of  imbalance  accompanied  by  i  lack  of  power  to 
think."  Most  studies  up  to  the  present  time  have  used  subjective  measures  with  a  very  small  sample  of 
experimental  subjects.  It  seems  particularly  Important  to  use  objective  measures  in  future  studies  since 
a  considerable  decrement  might  occur  in  the  ability  of  an  individual  to  maintain  his  balance  and  orientation 
before  he  becomes  consciously  i ware  of  dizziness,  nausea,  incoordination,  etc.  Particularly  valuable  *"'>ila 
be  a  measure  of  nystagmus  whici  would  give  a  direct  indication  of  the  involvement  of  the  vestibular  system. 
The  major  obstacle  to  this  appioach,  when  suojects  with  normal  hearing  are  used,  is  the  elicitation  of 
nystagmus  at  noise  levels  that  do  not  produce  a  hazard  to  the  hearing  of  the  subjects.  Ades  et  al  (3) 
avoided  this  problem  by  using  deaf  subjects,  and  presented  acoustic  stirtwli  «;.■  to  170  dS.  The  difficulty 
with  deaf  subjects,  of  course,  is  that  they  may  differ  considerably  from  normals  In  their  vestibular  sensi¬ 
tivity,  since  damage  to  the  auditory  system  almost  invariably  affects  the  vestibular  system.  However,  the 
authors  ,3)  report  that  of  the  six  subjects  in  their  study,  two  showed  normal  nystagmus  to  caloric  stimula¬ 
tion,  and  "The  other  fer  showed  varying  degrees  of  retention  short  of  complete.  All  of  these  subjects  also 
reacted  as  normals  with  respect  to  the  oculogyral  and  oculogravic  illusion--"  For  the  two  normal  subjects, 
they  found  nystagmus  thresholds  of  120  dB  -  135  dB  In  the  250  Hz  to  *00  Hz  frequency  range  end  thresholds 
approximately  20  dB  higher  in  the  1000  Hz  to  2000  Hz  range.  Nystagmus  was  also  elicited  by  a  band  of  jet 
engine  noise  at  a  threshold  level  of  approximately  135  dB.  Subjective  reports  of  dizziness  in  the  study 
were  not  consistent,  possibly  due  to  a  communication  problem,  ard  dizziness  was  not  reported  at  all  fre¬ 
quencies  where  nystagmus  was  obtained.  The  results  are  puzzling,  sorvjiimes  d.zziness  was  reported  before 
nystagmus  and  sometimes  not  at  all.  Ades  and  ccworkers  were  aware  that  the  thresholds  for  nystagmus  elici¬ 
tation  in  deaf  individuals  might  be  atypical  and  they  recoarend  that  studies  with  norma!  subjects  be  con¬ 
ducted. 


The  present  paper  summarizes  a  large  number  of  studies  conducted  at  the  Aerospace  Medical  Research 
Laboratory.  Several  of  these  have  been  presented  at  scientific  meetings  or  -ave  been  released  as  AMRL 
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Technical  Reports,  and  for  these  experiments  detailed  descriptions  of  experimental  and  statistical  proc*-  Jp 

dures  will  not  be  given  here.  S 

NYSTAGMUS  AND  SUBJECTIVE  JUDGEMENT  EXPERIMENTS  I 


An  attempt  was  made  to  duplicate  the  findings  of  Ades  et  al  (3),  using  four  laboratory  workers  who  fj 
volunteered  to  participate  In  the  experiment.  A  pure  tone  o7  53b  Kz  at  135  dS  with  a  5  second  exposure  fj 
period  was  presented  to  the  subjects.  This  frequency  seemed  to  be  the  most  sensitive  one  for  subjects  In  1 
Ades'  study.  A  broadband  jet  engine  type  of  noise  of  140  dB  (upper  curve  In  Figure  1)  was  also  presented.  | 
Only  a  five  second  exposure  was  presented  to  each  ear  of  a  subject  In  a  24  hour  period.  Electronystagmog-  I 
raphy  was  used  to  record  both  horizontal  and  vertical  eyemovements .  All  subjects  were  tested  In  total  $ 
darkness  and  instructed  to  keep  their  eyes  open.  Darkness  was  used  to  eliminate  yisual  fixation  that  might  1 
obscure  the  nystagmus  response.  No  nystagmus  was  produced  by  the  pure  tone  or  the  broadband  noise  stimulus.  | 
The  noise  was  reported  as  subjectively  unpleasant  and  highly  arousing,  however,  there  were  no  Indications  | 
of  vertigo  or  dizziness.  After  this  experiment  was  conpleted,  one  of  the  subjects  was  exposed  to  590  Hz  at  Ji 
135  dB  for  a  ten  second  duration  with  the  tone  pulsed  three  times  a  second.  A  vigorous  defensive  eyeblink  § 
reflex  in  time  with  the  stimulus  was  obtained  but  no  nystagmus  or  vertigo.  Our  results,  indeed,  suggest  3 
that  the  vestibular  system  of  normal  hearing  subjects  responds  differently  to  acoustic  stimulation  than  a 
does  the  vestibular  system  of  deaf  subjects.  However,  the  elicitations  of  nystagmus  may  be  related  to  the  1 
duration  of  exposure.  Although  Ades  also  used  a  5  second  exposure  duration  he  made  repeated  exposures  | 
in  his  attempts  to  find  thresholds,  that  is,  he  proceeded  in  progressive  steps  by  gradually  increasing  the  | 
noise  intensity  with  a  5  second  exposure  period  used  at  each  intensity.  a 


The  stimulus  for  our  next  investigation  was  a  120  dB,  100  Hz  tone,  pulsed  three  times  a  second  for  a 
duration  of  twe  minutes.  This  is  the  condition  which  was  reported  to  produce  dizziness  and  nausea  in 
von  Bekcsy's  subjects  (1).  The  four  subjects  used  in  the  previous  experiment  and  15  volunteer  male  college 
students  served  as  subjects.  No  nystarymis  was  obtained  and  no  syiqptoms  of  vertigo  or  nausea.  At  this 
point,  five  college  students  with  a  history  of  motion  sickness  were  compared  with  a  group  of  five  students 
who  had  never  baen  motion  sickness.  Again  the  results  were  negative;  no  nystagmus  and  no  subjective  reports 
indicating  vestibular  stimulation.  Next,  we  tested  two  laboratory  workers,  both  in  their  late  thirties, 
who  were  susceptible  to  motion  sickness  to  the  point  that  they  were  sometimes  troubled  by  car  sickness. 

Still  there  was  no  evidence  of  vestibular  response.  Finally,  negative  results  were  obtained  with  the  four 
laboratory  personnel,  used  previously,  hut  this  time  a  1000  Hz  tone  was  used  instead  of  the  100  Hz  tone, 

(von  Bekesy  (4),  reports  small  reflexive  head  movements  were  obtained  at  1000  Hz).  Thus  our  attempts  to 
obtain  nystagmus  and  subjective  vestibular  synptomotology  by  exposing  subjects  to  intense  acoustic  stimula¬ 
tion  have  proven  unsuccessful. 


Figure  1.  Ambient  wideband  noise  spectra  and  calculated 
noise  levels  in  ear  canal  after  reduction  of 
noise  by  ear  protection. 


EXPERIMENTS  1/5 1 Ni>  THE  RAIL  TASK 

At  t.’iis  point  in  our  investigations  we  decided  to  use  a  rail  balancing  task  developed  by  Graybiel  and 
Frealny  $5)  for  aeesuri.»7  human  equi ! -br.ui.  These  investigators  have  presented  some  evidence  that  this 
battery  shews  sv-  >?ivity  to  •s.>ti»bU»s  that  are  primarily  vestibular  in  nature.  They  have  shown  that  indi- 
viJuols  .rifi  'iuie  or  no  v  '-bular  sensitivity  performed  on  the  rails  at  a  level  comparable  with  the 
la  «t  t  '-■*  che  las- "in  thine  normal  population.  Sail  performance  of  labyrinthine  defectives  was  unaffected 
by  the  .onsumption  of  alcohol  while  that  of  normal  subjects  was  adversely  affected.  They  have  also  related 
Ps‘  vance  on  the  task  to  canal  sickness  susceptibility,  to  threshold  caloric  response,  and  to  response 
b.  ft  .  're  sea  conditions.  The  rail  task  consists  of  6  rails,  3  feet  in  length,  or.  which  the  subject  is 
a>,.ec  to  perform  three  tasks.  Rails  were  2.75,  2.25,  1.75,  1.25,  .75,  and  .5  inches  wide  before  being 
covered  with  a  1/16  inch  fiberglas  material  to  prevent  breaking  and  splitting  of  the  rail  edges.  The  three 
tasks  consisted  of  (a)  standing  in  a  heal-to-toe  manner  on  each  of  the  six  rails  witn  eyes  open,  (b)  stand¬ 
ing  with  eyes  closed,  and  (c)  walking  heel-to-tne-io-heel  on  each  of  the  six  rails.  In  our  research,  we 
have  presented  only  part  of  the  original  task  and  made  slight  changes  in.  the  procedure.  In  early  experi¬ 
ments  (6)  we  found  parts  of  the  rail  task  to  be  insensitive  to  the  effects  of  noise  and  for  some  parts  of 
the  task  to  always  yield  perfect  scores.  Host  subjects  performed  perfectly  on  the  three  larger  rails  when 
standing  with  eyes  open  or  when  walking.  Conversely,  the  two  smallest  rails  were  quite  difficult  for  most 
subjects,  for  both  rail  walking  and  standing  with  eyes  closed.  Parts  of  a  task  t*  :  difficult  or  too  easy 
for  most  subjects  usually  produces  a  measure  that  is  relatively  insensitive  to  experimental  variables. 

For  our  version,  we  have  dropped  the  rail  walking  part  of  the  task  because  of  suspected  unreliability,  and 
measured  standing  eyes  open  and  eyes  closed  performance  on  only  two  rails.  On  twn  rails,  2  1/4  in.  wide 
and  1  3/4  in.  wide,  the  subjects  were  required  to  stand  with  their  eyes  closed,  and  on  the  other  two  rails. 

1  1/4  in.  wide  and  3/4  in.  wide,  the  subjects  stood  with  their  eyes  open.  The  score  for  both  measures  was 
the  time,  to  the  nearest  second,  from  when  the  subject  wssumed  Ihe  correct  position  on  the  rail  until  ne 
violated  his  position  {lifted  a  foot)  or  fell  off  the  rail.  The  maximum  score  for  each  trial  was  60  seconds. 
If  the  subject  was  still  balanced  on  the  rail  at  the  end  of  this  time,  the  trial  was  discontinued.  Subjects 
in  most  of  our  experiments  were  given  five  trials  on  each  rail.  The  maximum  score  for  each  measure  was  600 
seconds,  that  is,  five  trials  x  two  rails  x  the  maximum  possible  score  per  trial  of  60  seconds. 

Five  different  groups  of  subjects  were  tested  in  a  study  on  the  effects  of  broadband,  high  intensity 

noise  on  human  equilibrium  (7).  Subjects  were  all  tested  in  the  same  type  of  counterbalanced  design  and 
four  different  ambient  noise  conditions  were  presented  to  each  group:  control  {70  dB),  120  dB,  130  dB,  and 
140  dB  (re.  0.0002  dyne/cm2).  The  first  group  of  subjects  tested  wort  eormuffs  and  earplugs;  the  second 
group  wore  earplugs,  and  the  third  group  wore  earplugs  with  one  earrwff  covering  the  right  ear  to  produce 
an  asymmetrical  exposure  {see  Figure  1).  Only  one  experimental  condition  was  presented  to  each  subject  in 
a  24  hour  period. 

Analysis  of  variance  revealed  no  significant  effects  for  the  eyes  closed  portion  of  the  rail  task. 

This  is  surprising,  since  with  vision  excluded  the  vestibular  system  should  play  a  larger  role  in  maintain¬ 
ing  equilibrium.  The  means  for  the  140  dB  noise  condition  were  smaller  than  the  means  for  the  control 
condition  in  every  case,  but  because  of  the  large  variability  of  the  scores  no  significant  effects  were 

obtained.  By  using  more  subjects  or  by  increasing  the  number  of  trials  a  mere  clearcut  reaction  to  noise 

should  be  obtained.  The  eyes  open  measure  was  quite  sensitive  to  the  effects  of  noise.  A  significant 
effect  for  noise  intensity  was  obtained  in  the  analysis  of  variance  for  four  of  the  five  groups  in  the 
present  experiment.  The  extent  of  the  differences  seems  to  support  previous  observations  that  asywretrical 
noise  has  a  more  detrimental  effect  on  human  equilibrium  than  symetrical  noise.  At  the  lower  intensity 
levels  (120  dB  and  130  dB),  there  was  a  small  improvement  in  performance  over  the  control  for  the  symmetri¬ 
cal  noise  exposures  and  a  significant  decrement  in  performance  for  the  asynaetrical  exposure.  At  140  dB 
decrements  were  obtained  with  all  three  groups,  and  as  expected,  the  results  showed  more  decrement  for 
group  2  (earplugs)  than  for  group  1  (earplugs  and  muffs),  and  more  decrement  for  group  3  (earplugs  &  l  muff) 
than  group  2.  In  two  additional  groups,  tested  on  the  rail  task  immediately  after  termination  of  the  noise, 
detrimental  effects  were  obtained  only  for  an  asynroetrlcal  exposure  group  and  not  for  a  symmetrical  exposure 
group.  These  data  are  plotted  in  terms  of  percent  change  from  the  control  in  Figures  2  and  3. 

In  the  experiment  just  described  (7)  large  decrements  were  obtained  in  the  length  of  time  subjects 
could  remain  balanced  on  the  rails  in  the  high  noise  exposure  of  140  dB  regardless  of  the  type  of  ear 
protection  given  the  subjects.  Anbient  noise  at  this  intensity  stimulates  the  receptors  of  the  skin, 
muscles,  joints  and  perhaps  the  vesti  :lar  as  well  as  the  auditory  system.  Therefore,  the  decrements  in 
equilibrium  could  have  resulted  from  auditory  stimulation,  frem  e/tra-audi tory  stimulation,  or  from  both 
in  ronbi nation.  In  order  to  evaluate  these  effects  separately,  an  attempt  was  made  to  reproduce  the  levels 
and  spectra  of  the  noise  In  the  ear  canals  that  occurred  during  whole  body  exposure  (8).  Specifically,  we 
attempted  to  simulate  through  earphones  the  'evels  and  spectra  that  occurred  in  the  subjects'  ear  canals 
during  140  dB  anbient  stimulation  when  they  were  wearing  both  earplugs  and  earruffs  (overall  level  of  100 
dB),  earplugs  alone  (Overall  level  of  115  d3),  and  earplugs  with  one  ean.wff  covering  the  right  ear  (overall 
level  of  100  dB  to  the  right  ear  and  115  dB  to  the  left  ear).  This  was  not  a  straightforward  procedure 
since  the  levels  and  spectra  in  the  ear  canals  in  the  previous  studies  were  not  physically  measured. 

Instead,  the  values  were  calculated  by  subtracting  from  the  anbient  noise  levels  the  attenuation  values  «f 
the  ear  protectors  worn.  Therefore,  the  actual  noise  in  the  ear  canals  was  only  approximated.  Further, 
there  was  undoubtedly  some  conduction  of  the  acoustic  energy  to  the  inner  ear  by  tissue  and  bone.  No 
attempt  was  made  to  add  a  bone  conduction  component  to  the  simulation. 

Sixteen  subjects  were  tested  in  a  counterbalanced  design  with  each  subject  receiving  all  four  condi¬ 
tions  of  control  (approximately  60  dB).  symmetrical  (100  dB  in  both  ears),  symmetrical  (115  d3  in  both 
ears),  and  asymmetrical  (115  dB  in  the  left  ear  and  100  dB  in  the  right  ear).  Only  the  standing  eyes  open 
part  of  the  rail  task  was  presented  to  the  subjects,  and  the  mean  trial  performance  for  conditions  was  as 
follows:  control  -  32.83  see,  symetrical  (100  dSJ  -  29.65  sec,  syrretrical  (115  dB)  -  28.92  sec,  and 
asysnetrical  -  30.07  sec.  An  analysis  of  variance  conducted  on  the  data  revealed  a  significant  effect  for 
noise  conditions  (p  e.QS).  The  means  for  the  three  noise  conditions  did  not  differ  significantly ,  h«*ever, 
all  differed  significantly  from  the  control  condition.  The  decrements  in  performance,  expressed  as  percent 
change  from  the  control  are  plotted  in  Figure  2  along  with  the  changes  obtained  in  the  previous  experiment. 
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Subjects  performed  better  In  the  control  condition  In  the  present  experiment  (see  Table  2)  than  they  did 
In  the  previous  experiment.  This  difference  could  have  been  due  either  to  the  difference  In  the  ability 
of  the  respective  groups  or  due  to  differences  In  experimental  design.  Nevertheless,  the  comparisons  made 
In  terms  of  the  percentage  change  from  the  control  seem  valid.  Noise  effects  on  the  eyes  open  part  of  the 
rail  task  were  much  less  with  only  ear  stimulation  than  with  aafcient  noise.  If  acoustic  energy  In  the  ear 
canal  was  the  determining  factor  for  producing  degradation  of  performance,  the  results  should  have  been 
approximately  the  same.  The  two  symetrical  exposures  In  the  prior  Investigation  produced  approximately 
twice  as  such  decrement  as  the  symmetrical  exposures  in  the  present  experiment,  and  for  the  asymmetrical 
exposures  four  times  as  ouch  decrement  was  obtained.  Therefore,  there  was  a  failure  to  replicate  the 
asymmetrical  -  synwetrlcsl  effect  of  the  prior  Investigation  as  well  as  the  absolute  size  of  the  perform¬ 
ance  decrement.  These  results  suggest  that  extra-auditory  stimulation  is  not  a  simple  additive  factor  to 
the  level  of  noise  in  the  ear  canal  in  producing  performance  decrements,  otherwise  decrements  with  ear 
canal  stimulation  alone  should  have  been  reduced  proportionally  for  asymmetrical  and  sysnetrical  exposures. 
The  conclusion  seems  justified  that  combined  auditory,  extra-auditory  stimulation  produces  greater  detri¬ 
mental  effects  cn  human  equilibrium  than  auditory  stimulation  alone. 
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Figure  2.  Percent  change  fro®  control  Figure  3. 

group  means  for  the  three 
groups  with  differing  ear 
protection,  and  the  means 
for  the  group  presented 
comparable  intensity  levels 
through  earphones. 


A  demonstration  that  the  rail  task  is  maximally  sensitive  to  590  Hz  would  seem  to  be  evidence  that 
the  task  is  reflecting  the  direct  effect  of  acoustic  s  imulation  on  the  vestibular  system.  Such  results 
would  be  in  agreement  with  the  study  of  Ades  et  al_  (3)  where  590  Hz  produced  nystagmus  in  deaf  subjects 
at  a  lower  sound  pressure  level  than  the  other  frequencies  used  in  the  study.  However,  the  vestibular 
system  of  deaf  individuals  may  be  maximally  sensitive  to  different  frequencies  than  the  vestibular  system 
of  subjects  with  normal  hearing.  In  fact  in  an  early  study  (9),  normal  hearing  sifjjects  were  used  in  an 
attempt  to  determine  the  threshold  of  vestibular  stimulation  at  several  pure  tone  frequencies.  Subjects 
showeo'  the  lowest  thresholds  at  1000  to  1500  Hz  when  a  slight  shift  in  the  visual  field  was  used  as  a 
measure  of  vestibular  stimulation.  However,  both  of  those  studies  were  exploratory  in  nature  and,  evefl 
for  the  snail  number  of  subjects  used,  the  responses  were  not  consistent  across  subjects.  Therefore,  these 
results  can  only  be  considered  a;  suggestive.  Nevertheless,  if  the  rail  test  does  reflect  the  effects  of 
vestibular  stimulation  then  perhaps  some  evidence  can  be  obtained  to  indicate  differential  frequency  sensi¬ 
tivity.  To  investigate  this  possibility,  both  standing  eyes  open  and  standing  eyes  closed  performance  on 
the  rails  were  measured  in  normal  hearing  subjects  during  exposure  to  pure  tone  acoustic  stimulation  (1C). 
Subjects  were  .sled  during  exposure  tc  test  frequencies  of  100,  260,  590,  1500,  and  2500  Hz,  and  a  control 
condition.  One  group  of  24  subjects  (male  college  sttfdents)  were  presented  the  test  stimuli  at  intensity 
levels  of  95  d3  in  the  left  ear  and  75  d3  in  the  right  ear  (asyonetrical  exposure).  Th?  other  group  of  24 
subjects  were  presented  the  tones  at  a  level  of  95  dB  in  both  ears  {sysnetrical  exposure).  The  subjects 
case  to  the  laboratory  on  seven  different  occasions,  the  first  time  was  a  practice  period,  and  the  last 
six  times  to  perform  the  rail  task  while  exposed  to  each  of  the  stimulus  frequency  conditions  used  In  the 


Percept  change  from  control 
group  means  for  means  obtained 
at  each  noise  level  for  eyes 
open  measure  for  the  groups 
tested  immediately  after 
exposure  to  the  noise. 
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experiment.  Each  subject  experienced  all  conditions  according  to  a  counterbalanced  experimental  design. 
Separate  analyses  of  variance  were  performed  on  the  eyes  open  and  eyes  closed  scores  on  the  rail  task  for 
both  groups.  Again,  as  found  in  previous  experiments,  the  eyes  closed  measured  showed  no  statistically 
significant  sensitivity  to  the  acoustic  stimulation  either  for  symmetrical  or  asymmetrical  exposure.  Simi¬ 
larly,  no  significant  effects  were  obtained  in  the  analyses  of  variance  for  the  eyes  open  measjre.  Hwever, 
the  effect  for  frequency  of  stimulation  approached  significance  (p  <  .10)  at  the  5i  level  of  confidence  for 
the  asymnetrlca!  exposure  group.  Although  the  value  obtained  did  not  reach  a  customary  level  of  statisti¬ 
cal  acceptability,  it  was  decided  to  test  differences  between  frequencies  of  pure  tone  stimulation  because 
the  greatest  decrement  occurred  at  the  expected  frequency  of  15C0  Ha  (see  Table  1).  The  effects  of  differ¬ 
ent  frequencies  of  pure  tone  stimulation  were  analyzed  by  use  of  a  Sign  Test  (11).  For  asyxmetrteal  expo¬ 
sure,  a  significant  decrement  at  1500  Hz  was  obtained  relative  to  the  control  group  (?  <  .01),  and  1500  Hz 
also  differed  significantly  from  100  and  590  Hz  (p  <  .05).  There  was  no  significant  difference  between  the 
results  obtained  at  1500  ilz  and  the  results  obtained  at  260  and  2500  Hz.  The  difference,  htwever,  was  in 
the  expected  direction  with  p  <  .10  and  p  <  .20  obtained,  respectively.  It  will  be  recognized  that  signifi¬ 
cant  differences  between  these  means  does  not  correspond  to  the  size  of  the  difference,  that  is,  there  was 
a  larger  difference  between  the  means  at  1500  Hz  and  the  mean  ut  260  Hz  than  between  1500  Hz  and  100  Hz, 
however,  in  the  former  case  the  difference  was  not  significant  while  in  the  latter  the  difference  was 
significant.  The  Sign  Test  is  a  measure  of  the  consistency  of  the  difference;  it  takes  into  account  only 
the  direction  of  the  difference  and  not  the  size  of  the  difference.  The  results  seem  to  support  the  hypoth¬ 
esis  that  the  eyes  open  part  of  the  rail  task  is  sensitive  to  stimulus  frequencies  found  in  the  von  Gierke 
et  al  (9)  study  to  produce  the  most  direct  effects  on  the  vestibular  system.  This  result  occurred  within 
tKe~Trequency  range  (1000  to  150G  Hz)  where  individuals  perceived  a  slight  shift  ir.  the  visual  field  at 
the  lowest  intensity  level.  However,  these  results  should  he  viewed  with  caution  since  there  was  a  rela¬ 
tively  large  number  of  subjects  tested  in  the  experiment  and  still  only  a  borderline  significance  was 
obtained. 


TABLE  1 

MEANS  FOR  STANDING  EYES  OPEN  MEASURE 


Broadband  Noise  (N  *  52) 

Control 

120 

130 

K0 

Earplugs  l  Muffs 

Earpl  *gs 

Earplugs  i  1  Muff 

26.46 

24.01 

25.41 

29.62 

26.54 

21.74 

20.20 

25.86 

23.21 

21.61 

18.42 

17.04 

Aftereffects 

Earplugs 

Earplugs  &  1  Muff 

16.80 

19.36 

17.68 

20.86 

21.56 

16.90 

18.42 

16.75 

Auditory  Alonq  Study  (N  ■  16) 

Control 

Plugs  & 

Muffs 

Pluqs 

Plugs  A 
1  Muff 

32.83 

29.65 

28.92 

30.07 

Pure  Tone  Study  (N  «  98) 

Control 

100 

260 

590 

1500 

2500 

Asymmetrical  29.46 

Symmetrical  23.35 

23.60 

23.62 

24.91 

23.50 

24.27 

21.96 

21.53 

24.46 

23.88 

24.60 

PERCEPTION  OF  THE  VERTICAL  EXPERIMENTS 

One  hypothesis  to  explain  the  decrements  we  have  obtained  on  the  rails  is  that  the  noise  effects  the 
subject's  perception  of  the  y«  rtical  and  makes  it  more  difficult  for  then  to  maintain  their  equilibrium. 

This  hypothesis  stexd  promising  since  reports  of  shifts  in  observers'  visual  fields  during  presentation 
of  extremely  intense  noise  imply  an  effect  on  the  perception  of  the  vertical  (9).  Also,  Dickson  and 
Chadwick  (2)  suggest  that  high  intensity  jet  noise  may  have  its  effects  on  the  linear  motion  receptors 
because  of  their  failure  to  observe  nystagmus  in  subjects  exposed  to  high  intensity  jet  noise. 

In  our  research  on  the  perception  of  the  vertical,  a  total  of  75  male  college  students  were  used  at 
subjects  in  five  separate  experiments.  The  same  iurc  tones  and  broadband  noise  as  previously  used  with 
the  rail  task  were  presented.  There  were  four  days  of  testing  in  all  experiments,  except  for  the  pure  tone 
study  conducted  at  105  d8.  On  the  first  day  the  subjects  were  given  preliminary  training,  and  subsequently, 
they  c’  *  to  the  laboratory  for  three  more  days  of  testing.  During  the  last  three  days,  they  were  given 
a  symmetrical  exposure  (equal  intensity  cf  acoustic  stiailation  in  each  ear),  an  asymmetrical  left  exposure 
(treater  acoustic  stimulation  In  left  car),  and  asymmetrical  right  exposure  (greater  intensity  in  right 
ei').  Both  order  of  presentation  of  pure  tone  frequency  or  noise  intensity,  and  sysvwtri cal -asymmetrical 
■editions  were  counterbalanced  across  sifcjects.  On  the  preliminary  training  day  subjects  were  given  60 
t  -cticc  trials  on  the  perception  of  the  vertical  task.  On  the  three  test  days  a  control  condition  of  six 
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trials  was  presented  before  each  noise  intensity  condition  or  each  pure  tone  frequency,  and  one  block  of 
si*  trials  was  presented  during  each  acoustic  exposure.  During  the  broadband  noise  experiment,  ignoring 
counterbalancing,  a  subject  received  control  -  control,  control  -  120  dB,  control  -  130  dB,  and  control  - 
140  dB.  During  pure  tone  exposure,  the  subject  received  control  -  control,  control  -  100  Hz,  control  - 
260  Hz,  control  -  590  Hz,  control  -  1500  Hz,  and  control  -  2500  Hz.  In  the  broadband  noise  experiment  the 
subjects  were:  earplugs  {115  dB  in  each  ear  at  anbient  leyel  of  140  dB)  for  the  syaaetrical  exposure;  ear¬ 
plugs  with  one  fluff  covering  the  left  ear  (100  dB  in  left  ear  and  115  dB  in  right  ear  at  asbient  level  of 
140  dB)  for  the  asymnetrical  right  exposure,  and  earplugs  and  one  muff  covering  the  right  ear  for  the 
asy*smetrica1  left  exposure.  The  pur'  tone  stimuli  were  presented  through  headphones  with  the  tone  directed 
either  to  both  ears  or  the  left  or  right  ear  depending  on  condition.  Four  experiments  were  conducted  with 
the  pure  iones,  a  95  dB  level  was  presented  in  the  first  two  experiments  with  the  jnly  difference  between 
experiments  being  the  manner  of  presentation  of  the  perception  of  the  vertical  task.  In  the  next  experi¬ 
ment  100  dB  was  used,  and  finally  in  the  last  experiment  105  dB  was  used.  In  the  latter  experiment  only 
one  day  of  testing  was  conducted  and  only  one  condition  was  given.  The  subjects  were  tested  in  the  asyanet- 
rical  left  condition  at  frequencies  of  260  Hz,  1500  Hz,  and  the  control  (see  Table  2). 

In  these  experiments  subjects  were  required  to  adjust  a  line  until  it.  appeared  to  be  vertical.  In  two 
experiments  (95  dB  pure  tone  and  the  broadband  noise  experiment),  the  line  consisteo  of  an  aluminum  rod 
which  was  1/2  in.  in  diameter  and  3  feet  long,  and  painted  with  phosphorescent  paint.  The  rod  was  mounted 
on  a  circular  piece  of  plywood,  4  feet  in  diameter,  painted  flat  black.  The  only  source  of  illumination 
in. the  experimental  room  (a  reverberation  chanter  for  broadband  noise  exposure)  was  a  "black  light"  which 
was  located  approximately  four  feet  from  and  directed  to  shine  on  the  aluminum  bar.  The  reflector  of  the 
black  light  was  covered  with  black  construction  paper,  and  the  light  shone  through  a  1/2  in.  x  1  in.  aper¬ 
ture  cut  In  the  paper.  The  subject  sat  in  a  straight  back  chair  at  a  distance  of  twelve  feet  from  the 

apparatus,  and  the  rod  was  presented  with  the  center  at  approximately  the  eye  level  of  the  subject.  The 
vertical  perception  task  was  changed  for  the  remaining  experiments  and  a  vertical  line  was  presented  Inside 
an  18  in.  x  18  in.  x  36  in.  box  painted  a  flat  black.  The  experiments  using  this  apparatus  are  indicated 
in  Table  2  by  "Box".  The  vertical  line  inside  the  box  was  16  in.  long  and  consisted  of  a  hollow  tube 
5/32  in.  in  diemeter.  The  tube  was  filled  with  phosphorescent  material  ar.d  the  same  black  light,  as  used 
in  the  previous  experiments,  was  directed  on  it.  The  box  was  placed  on  a  wooden  platform,  and  the  sub¬ 
ject  (S)  sat  on  an  adjustable  stool.  An  adjustable  bite  bar  mounted  directly  inside  the  box  opening  was 

used  to  control  for  possible  differences  in  head  position.  Regardless  of  which  task  was  used  for  the  per¬ 

ception  of  the  vertical,  the  sane  procedure  was  used.  The  rod  was  displayed  by  the  experimenter  (E)  either 
30  degrees  clockwise  or  30  degrees  counterclocxwlc;.  Once  the  rod  was  displaced  by  E,  he  then  signaled  the 
S  to  make  his  judgement.  The  subject  made  his  setting  by  pressing  a  toggle  switch  which  via  an  electric 
motor  moved  Jie  rod  at  a  constant  speed,  with  the  direction  of  press  of  the  toggle  switch  determining  the 
direction  of  movement  of  the  bar.  Subjects  were  allowed  to  retrace  until  satisfied  with  uieir  setting. 

Once  the  subject  completed  his  setting  he  pressed  a  button,  located  on  a  small  box  with  the  toggle  switch, 
which  activated  a  light  at  E's  station,  and  £  made  the  reading,  displaced  the  bar,  signaled  the  subject, 
and  the  cycle  began  over  again.  With  the  exception  of  the  preliminary  training  period  In  which  the  subject 
received  60  trials,  testing  was  conducted  in  six  trial  intervals  with  the  bar  displaced  an  equal  number  of 
times  In  the  counterclockwise  and  clockwise  directions.  The  score  used  in  the  subsequent  statistical 
analysis  for  each  subject  was  the  algebraic  difference  between  the  mean  of  the  six  setting  for  the  control 
and  the  mean  of  the  six  settings  during  acoustic  stimulation.  Deviations  from  the  vertical  were  measured 
in  degrees  with  those  displacements  to  the  subjects’  right  (clockwise)  given  a  positive  value,  and  those 
to  the  subjects’  left  (counterclockwise)  given  a  negative  value.  Recording  accuracy  was  within  1/4°. 


Analyses  of  variance  were  performed  on  all  the  data  obtained  in  the  experiments  on  tne  perception  of 
the  vertical.  The  only  significant  effect  obtained  was  for  the  asymmetrical  right  condition  using  discrete 
frequencies  at  95  dB  with  the  large  perception  of  the  vertical  task.  The  effect  was  obtained  for  frequency 
of  stimulation.  The  noise  exposure  at  260  Hz  was  significantly  different  (based  on  difference  scores)  from 
control.  100  Hz,  1500  Hz,  and  2500  Hz.  The  mean  difference  scores  between  260  Hz  and  590  Hz  did  not  differ 
significantly.  In  Table  2,  it  can  be  seen  that  the  differences  were  due  largely  to  differences  in  the  pre- 
stimulus  control  periods  rather  than  due  to  differing  settings  in  the  noise.  Therefore,  it  seems  quite 
unlikely  that  this  is  a  genuine  finding  and  that  there  Is  actually  a  differentia!  effect  on  the  perception 
of  the  vertical  due  to  frequency  of  acoustical  stimulation.  The  fact  that  none  of  the  other  analyses  of 
variance  yielded  a  significant  effect  for  acoustical  conditions  argues  against  any  interpretation  of  acous¬ 
tical  stimulation  having  an  effect  on  the  perception  of  the  vertical. 


In  all  studies  using  pure  tone  stimulation  there  was  a  constant  error  in  the  alignment  of  the  bar  to 
the  vertical.  Subjects  tended  to  displace  the  rod  to  the  counterclcckwise  side  of  the  vertical.  There 
are  a  number  of  possible  explanations  for  this,  the  most  likely  seems  to  be  that  the  right  hand  was  used 
for  all  subjects  in  setting  the  bar  to  the  vertical,  nevertheless,  the  error  was  quite  small  under  all 
conditions,  and  the  scores  easily  fall  into  the  range  of  error  reported  by  previous  investigators  (12). 
There  was  also  a  constant  error  for  the  broadband  noise  experiment  but  in  the  opposite  direction  to  that 
ootainod  for  pure  tone  exposure.  Again,  as  was  the  case  fc"  pure  tone  exposure,  the  reason  for  this  error 
is  not  obvious.  When  the  same  testing  apparatus  was  used  with  the  95  d3  pure  tone  group  the  constant  error 
was  in  the  opposite  direction.  The  fact  that  these  experiments  were  conducted  in  different  rooms  may 
account  for  the  difference  ir.  the  direction  of  constant  error.  The  broadband  noise  group,  who  had  the 
constant  clockwise  error,  was  tested  in  a  reverberation  charier.  This  charter  contained  three  large  acous¬ 
tic  horns  which  could  be  seen  faintly  in  the  subject's  left  field  of  vision.  Therefore,  previrus  litera¬ 
ture  on  the  perception  of  the  vertical  task  (for  a  review  see  Howard  and  Tercletcn,  1966)  would  suggest 
that  the  asymetry  of  the  charter  or  the  knowledge  the  subjects  had  of  the  location  of  the  sound  source 
nay  have  produced  the  constant  error.  Nevertheless,  the  perception  of  the  vertical  task  used  in  the  pres¬ 
ent  experiment  did  not  show  any  consistent  sensitivity  to  noise  which  was  of  primary  interest. 


TABLF  • 

MEAN  ALGEBRAIC  ERROR  III  DEGREES  fOR  PERCEPTION  OF  VERTICAL  EXPERIMENTS 


Control 

100 

260 

590 

1500 

2500 

95  dB  -  Exp.  (N  »  18} 

Symmetrical 

-.11 

-.17 

-.05 

control 

-.35 

-.25 

0 

noise 

-.17 

-.08 

-.07 

-.30 

-.07 

+.06 

di  ffenence 

+.18 

+.17 

+.04 

-.13 

-.02 

+.06 

Asymmetrical 

Right 

control 

-.47 

-.54 

-.79 

-.67 

-.43 

-.13 

noise 

-.58 

-.59 

-.39 

-c58 

-.49 

-.45 

difference 

-.11 

-.05 

+.40 

+.09 

-.06 

-.32 

Asymmetrical 

Left 

control 

-.32 

-.29 

-.36 

-.25 

-.18 

-.24 

noise 

-.27 

-.26 

-.36 

-.22 

-.15 

-.21 

difference 

+.05 

+.03 

0 

+.03 

+.03 

+.03 

95  dB  -  Bex  (N  «  18) 


control 

-.36 

-.38 

-.17 

-.44 

-.48 

-.45 

noise 

-.22 

-.28 

-.54 

-.53 

-.53 

-.72 

di  fference 

+.14 

+.10 

-.37 

-.09 

-.05 

-.27 

Asymmetrical 

Right 

control 

-.33 

-.38 

-.53 

-.55 

-.41 

-.58 

noise 

-.23 

-.38 

-.50 

-.67 

-.77 

-.72 

di  fference 

+.10 

0 

+.03 

-.12 

-.36 

-.14 

Asymmetrical 

Left 

control 

-.31 

-.52 

-.53 

-.38 

-.53 

-.48 

noise 

-.34 

-.40 

-.78 

-.54 

-.52 

-.51 

di  fference 

-.03 

+.12 

-.25 

-.16 

+.01 

-.13 

100  dB  -  Box  (N  «  18) 


Symmetrical 

control 

-.28 

-.27 

-.34 

-.37 

-.16 

-.38 

noise 

-.33 

-.12 

-.18 

-.15 

-.30 

-.47 

difference 

-.05 

+.15 

+.16 

+.22 

-.14 

-.09 

Asymmetrical 

Right 

control 

-.38 

-.20 

-.35 

-.36 

-.35 

-.42 

noise 

-.37 

-.42 

-.59 

-.53 

-.35 

-.50 

difference 

+.01 

-.22 

-.24 

-.17 

0 

-.08 

Asymmetrical 

Left 

control 

-.33 

-.38 

-.12 

-.08 

-.33 

-.20 

noise 

-.42 

-.31 

-.10 

0 

-.20 

-.23 

difference 

-.09 

+.07 

+.02 

+.08 

+.13 

-.03 

105  dB  -  Box  (N 

Asymmetrical 

Left 

control 

noise 

difference 
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TABLE  2  (Continued) 

Broadband  Noise  (N  =  12) 


Control 

120 

130 

140 

Synmetrical 

control 

rl.01 

♦1.32 

♦1.44 

♦1.04 

noise 

+1.14 

+1.40 

♦1.08 

♦  .77 

difference 

+  .13 

+  .08 

-  .36 

-  .27 

Asynmetrical 

Right 

control 

+1.10 

+1.10 

+1.20 

+  .74 

noise 

+1.11 

+  .82 

♦  .79 

+  .59 

difference 

+  .01 

-  .28 

-  .41 

-  .15 

Asymmetrical 

Left 

control 

+  .58 

+  .92 

♦  .81 

+  .72 

noise 

+  .74 

♦  .58 

+  .56 

+  .38 

difference 

+  .16 

-  .44 

-  .25 

-  .36 

DISCUSSION 

The  direct  effect  of  intense  sound  on  the  vestibular  system  as  indexed  by  nystagmus  or  subjective 
report  has  not  been  confirmed  in  our  experiments.  However,  there  seems  little  doubt  that  under  some  cir¬ 
cumstances  noise  does  affect  the  vestibular  system.  There  have  been  too  many  subjective  reports  In  the 
operational  situation  uf  dizziness,  blurred  vision,  and  vertigo  to  doubt  that,  such  effects  do  occur.  Pos¬ 
sibly,  the  greater  complexity  of  the  operational  environment  accounts  for  the  difference.  It  is  particu¬ 
larly  true  that  the  auditory  exposure  for  our  subjects  and  for  Individuals  wonting  around  operating  jet 
eng^es  is  greatly  different.  In  many  operational  situations,  a  fex  steps  in  any  direction  or  even  changes 
in  the  position  of  the  head  relative  to  the  noise  source  may  make  a  considerable  difference  in  the  noise 
intensity  and  asynroetry  of  exposure  that  the  man  experiences.  Also,  working  in  close  proximity  to  operating 
jet  engines  Is  a  hazardous  task  In  Itself.  There  is  the  constant  pressure  of  getting  the  aircraft  back 
into  comaission  quickly,  while  avoiding  ingestion  by  Intakes,  and  being  burnt  by  contact  with  hot  parts  of 
the  engine.  Davis  (13)  states:  "In  the  military  situation  the  very  loud  noise,  which  not  only  stimulates 
the  ear  very  powerfully  but  also  calls  other  sensory  organs  such  as  touch  Into  action,  certainly  adds  to 
the  total  stress  of  what  is  already  a  difficult  and  perhaps  dangerous  overall  situation.  This  is  something 
that  rust  be  heard  and  felt  to  be  appreciated."  And  indeed,  even  in  the  laborato^r,  at  levels  of  140  dB 
and  h  gher.  It  must  be  experienced  to  know  what  it  is  like. 

Some  of  our  subjects  have  reported  a  few  of  the  symptoms  that  have  been  observed  in  the  operational 
situation,  such  as  excessive  fatigue  after  noise  exposure,  reduction  of  tactual  sensitivity,  and  heat  about 
the  earplugs.  However,  the  most  comnon  subjective  report  was  one  of  extreme  arousal  or  alertness.  Possibly 
this  Intense  arousal  partly  masks  sensations  arising  from  the  sense  organs.  In  a  study  on  tactual  sensi¬ 
tivity  in  noise,  subjects,  wearing  earplugs,  were  tested  in  the  same  auPient  levels  of  noise  used  previously 
with  the  rail  task.  We  were  not  able  to  demonstrate  a  difference  between  performance  or.  the  task,  identify¬ 
ing  sheets  of  sandpaper  of  different  degrees  of  coarseness,  in  control  and  noise  periods.  Unfortunately, 
for  our  results,  as  well  as  for  two  of  our  subjects,  we  neglected  to  control  for  the  degree  of  pressure 
exerted  on  the  sandpaper.  These  two  subjects,  of  the  8  tested,  exerted  such  intense  p.t»»ure  during  expo¬ 
sure  to  the  140  dB  noise  that  they  scraped  the  skin  off  the  tips  of  their  fingers.  Neither  subject  noticed 
that  this  was  happening  at  the  tine.  One  subject  noticed  that  his  finger  tips  were  bleeding  after  the 
noise  was  turned  off  and  his  session  was  terminated  for  the  day.  The  other  individual  did  not  notice  It 
until  he  was  driving  back  to  his  residence,  some  10  to  15  minutes  after  termination  of  the  noise.  Both 
subjects  left  traces  of  blood  on  the  sheets  of  sandpaper.  This  result  is  similar  to  numerous  anecdotal 
reports  of  the  blunting  of  pain  durino  conditions  of  extreme  excitability,  as  well  as  agreeing  with  results 
on  audioanalgesia. 

An  alternate  possibility  is  that  high  intensity  noise  may  affect  the  vestibular  system  and  produce 
nystagmus  only  when  the  system  has  been  somehow  biased  so  that  it  exhibits  increased  sensitivity.  For 
example,  a  predisposition  to  respond  may  come  about  through  tne  use  of  drugs,  exposure  to  carbon  monoxide, 
ingestion  of  alcohol  (14),  or  wher  a  bias  has  developed  such  that  a  subject  exhibits  directional  preponder¬ 
ance  ( D ?)  in  hi.,  nystagmus.  Some  interesting  relationships  between  hearing  and  DP  of  nystagmus  have 
recently  been  reported.  Bruner  and  Norris  (15)  have  corr?leteo  hearing  threshold  asymmetry,  and  DP  of 
caloric  nystagmus.  They  state:  "The  greater  the  threshold  difference  between  ears,  the  greater  the  DP, 
with  the  DP  biased  toward  the  worse  hearing  ear.  The  correlation  was  most  prominent  at  8000  Hz  where  the 
Pearson  r  was  .30  (N  »  49).  This  lateralization  of  hearing  and  preponderance  became  apparent  only  when  a 
difference  of  about  5  dB  or  more  existed  between  the  thresholds  of  the  two  ears,  and  since  many  of  the 
pilots  did  not  exhibit  interaural  differences  of  this  magnitude,  the  correlation  coefficients  are  smaller 
then  if  bilaterally  hearing  subjects  had  been  excluded."  It  would  have  been  interesting  if  we  had  used 
subjects  with  pronounced  asymmetries  of  thresholds  in  our  experiments  on  exposure  to  high  intensity  sound. 
However,  we  carefully  controlled  for  this  variable,  individuals  with  a  threshold  of  hearing  difference 
between  the  right  and  left  ears  of  greater  than  5  dB  were  not  used  as  subjects  in  the  experiments.  Such 
experiments  are  planned  for  the  Future  as  well  as  studies  incorporating  other  predispositional  factors. 
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A  second  Important  question  concerns  why  we  obtained  results  on  the  rail  task  at  levels  such  lower 
than  those  that  produced  no  subjective  vestibular  effects  or  nystagmus.  There  are  several  reasons  to  expect 
decrements  in  equilibrium  in  noise  intensity  fields  of  1*0  dB  even  when  ear  protection  is  worn.  In  the 
intense  broadband  noise  exposure  that  we  used  there  <s  no  doubt  that  other  sensory  receptors  are  affected 
besides  the  vestibular,  if  indeed,  the  vestibular  receptors  are  affected  at  all.  In  fact,  there  is  the 
possibility  that  the  results  we  obtained  at  the  140  dB  level  were  due  mainly  to  stimulation  of  the  receptors 
of  the  joints.  Howard  and  Templeton  (12)  contend  that,  although  vestibular  stimulation  can  greatly  affect 
postural  steadiness,  the  basic  physiological  mechanism  of  static  upright  posture  is  proprioceptive  control 
from  the  hip  joint  and  spine.  A  related  finding  is  reported  by  Fredrickson  S  Schwarz  (16).  These  authors, 
in  a  study  of  single  units  in  the  vestibular  nucleus  of  cats,  found  that:  "Ninety -nine  percent  of  the  units 
responded  to  vestibular  stimulation  and  80  percent  tn  joint  movement.  There  were  no  responses  to  muscle 
pressure,  or  to  optic  or  acoustic  stimuli."  They  point  out  Further  that:  "Position  Information  from  the 
joints  and  vestibular  labyrinth  appear  to  ascent  together  in  the  central  nervous  system.  We  have  found 
that  the  primary  cortical  vestibular  receiving  area  in  the  Rhesus  corresponds  to  that  portion  of  the  somato¬ 
sensory  cortex  where  Mountcastle  noted  such  prominent  joint  input."  It  is  a  long  conceptual  jump  from  human 
performance  on  the  rail  task  to  the  electrophysiological  and  anatomical  characteristics  of  the  Joint  and 
vestibular  receptors  in  cats  and  monkeys.  Nevertheless,  the  receptors  of  the  joints  and  labyrinth  may  be 
more  intimately  related  than  previously  thought,  and  can  serve  as  one  factor  in  explaining  how  r.oise 
(vibration?)  adversely  affects  equilibr*ura.  In  agreement  with  this,  one  of  the  earliest  studies  (17)  con¬ 
ducted  on  the  effects  of  highly  intense  sound  (jet  engine  noise  and  pure  tones  from  130  to  157  dB),  the 
authors  do  not  mention  any  effects  on  the  vestioular  system.  They  do  mention,  along  with  other  symptoms, 
the  vibration  of  various  parts  of  the  body.  They  state:  “Another  phenomenon  of  interest  is  the  subjective 
sensation  of  vibration.  At  frequencies  from  about  1500  tps  down  to  700  cps  there  is  a  sensation  of  narked 
vibration  of  the  cranial  bones.  At  certain  frequencies  in  this  range  the  sensation  of  vibration  is  so 
strong  from  the  lower  jaw  that  one  reflexly  grits  his  teeth  in  an  effort  to  stop  the  vibration."  They  also 
mention  that  weakness  in  the  knees  was  noticed  while  standing  close  to  operating  jet  engines.  They  state: 
"This  sensation  is  not  accompanied  by  faintness  or  vertigo  and  is  probably  not  the  result  of  a  true  muscular 
weakness.  It  would  appear  to  result  from  an  effect  on  the  proprioceptive  reflex  mechanism  since  with  con¬ 
scious  effort  one  can  maintain  the  normal  erect  position  usually  maintained  by  reflex  mechanisms." 

Of  course-  one  must  still  explain  why  decrements  were  obtained  on  the  rail  task  at  lower  levels  of 
stimulation  *  .9  there  was  little  or  no  stimulation  of  the  joints  (the  noise  was  presented  through  ear¬ 

phones).  At  .<ese  lower  levels,  as  well  as  the  higher  levels  of  course,  it  is  possible  that  the  vestibular 
system  is  being  stimulated  but  not  indicating  the  fact  in  the  consciousness  of  the  subjects  or  manifested 
by  nystagmus.  There  may  be  a  rather  wide  Intensity  range  to  which  the  vestibular  system  responds  before 
there  are  any  subjective  or  nystagmic  indications  of  vestibular  stimulation.  Consider  the  possibility  that 
accustical  stimulation,  except  at  very  high  levels,  just  causes  a  diffuse  reaction  of  the  vestibular  system 
and  does  not  yield  a  sensation  of  turning  or  one  of  directionality;  the  sane  type  of  response  that  occurs 
to  weak  notion  stimuli.  (This,  of  course,  would  explain  our  failure  to  find  a  clearcut  effect  on  the  per¬ 
ception  of  the  vertical  task.)  For  example,  Jongkees  (18)  in  discussing  his  extensive  expert mentation  on 
the  oscillating  parallel  swing  states:  the  first  thing  you  feel  is  a  certain  rhythm,  but  you  do  not 

know  what  it  is,  whether  it  Is  a  displacement  or  a  rotation."  Perhaps  the  same  thing  is  true  for  the  acous¬ 
tic  stimuli  we  have  used  in  our  experiments.  The  effect  is  difficult  to  describe  by  the  subjects  because 
of  the  oscillatory  nature  of  the  stimulus  and  of  course,  tne  rate  of  this  oscillation  is  out  of  the  fre¬ 
quency  range  normal  for  vestibular  sensitivity.  In  an  unpublished  study  we  have  applied  negative  pressure 
in  the  earcanal  of  10  subjects  and  have  been  unable  to  demonstrate  a  clearcut  effect  on  equilibrium.  The 
failure  to  demonstrate  an  effect  was  duo  In  large  part  to  two  subjects  who  adopted  a.n  unusual  posture  on 
the  rail.  They  tilted  their  hanv,  appi  jximately  30  degrees  toward  the  side  of  stimulation  and  surprisingly, 
they  performed  about  as  well  on  the  rail  task  with  their  head  tilted  as  they  did  in  the  control  condition. 

It  seems  quite  unlikely  that  such  results  would  have  been  obtained  with  a  low  frequency  oscillating  pressure. 
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Regardless  of  the  hypothesis  that  is  adopted  about  the  particular  sensory  system  most  affected  by  high 
|  intensity  noise,  the  results  of  the  present  study  are  Important  from  both  an  applied  and  methodological 

E  point  of  view.  Important  from  an  applied  point  of  view,  since  noise  levels  have  been  found  to  adversely 

|  affect  human  equilibria  at  levels  considerably  below  those  that  would  be  expected  to  damage  hearing.  And 

§  important  from  a  methodological  point  of  view,  because  a  measure,  eyes  open  measure  on  the  rails,  has  been 

|  obtained  which  shows  considerable  sensitivity  to  noise.  This  is  an  important  accon?»l1shm9nt,  since  it  now 

|  allows  us  to  explore  the  parameters  of  the  noise  stimulus  to  determine  their  relative  effectiveness  in  pro- 

|  ducing  decrements  in  equilibrium.  The  relative  effects  of  different  noise  spectra,  different  frequencies, 

s  different  lengths  of  exposure,  and  intermittent  exposures  can  be  explored. 
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Future  studies  should  be  extended  to  other  ty<es  of  acoustic  stimuli  than  those  used  in  the  present 
study.  In  particular,  the  effects  of  static  pressure,  and  ultra-low  frequency  sound  should  be  examined. 
Parker  et  al_  (19,  20)  have  examined  both  types  of  stimuli  using  guinea  pigs.  They  presented  stimuli  in  the 
frequency  range  of  0.1  to  10  Hz,  as  well  as  static  pressure  and  observed  the  eye  movement  response  of  guinea 
pigs.  They  found  that  with  the  acoustic  stimuli:  "—approximately  2.0  -  2.5  in.  Hg  produced  a  movement  anal¬ 
ogous  to  that  seen  in  normal  counterrolling,  and  is  some  cases,  nystagmus."  And  "—Kith  static  pressures 
of  1.5  -  2.0  in.  Hg,  nystagmus  was  generally  elicited  following  the  counterrolling--."  Control  studies 
using  deaf  guinea  p<gs  and  those  with  sectioned  8th  nerves  leave  little  doubt  that  the  responses  arc  of  a 
vestibular  nature.  In  interpreting  these  results  with  potential  application  to  human  subjects,  these  author* 
state:  "—disturbances  of  orientation  and  equilibrium  would  be  expected  following  rapid  pressure  changes 
if  the  pressure  equalization  in  the  middle  car  were  retarded  This  situation  would  occur  if  a  Eustachian 
tube  were  blocked.—"  Hohr  et  a!  (2)  have  studied  effects  of  low  frequency  acoustic  stimuli  on  hirwn  sub¬ 
jects  for  the  purpose  of  determining  tolerance  limits.  From  their  experiments,  they  conclude:  "The  pres¬ 
ently  available  data  support  the  conclusions  that  noise-experienced  human  subjects,  wearing  ear  protectors, 
can  safely  tolerate  broad  band  and  discrete  frequency  noise  in  the  1  -  100  cps  range  for  short  durations  at 
sound  pressure  levels  as  high  as  1-3  dB.  At  least  for  the  frequency  range  above  40  cps,  however,  such 
exposures  are  undoubtedly  approaching  the  limiting  range  of  subjective  voluntary  tolerance  and  of  reliable 
performance."  The  period  of  testing  in  this  experiment  was  usually  only  from  .25  to  two  minutes  at  these 
levels.  In  reviewing  this  investigation.  Burns  (22)  states:  "The  results  provide  the  necessary  informa¬ 
tion  for  proper  judgements  of  the  effects  of  such  sound  to  be  made.  Thus  the  great  merit  of  this 
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Investigation  Is  the  ability  <t  confers  to  separate  real  and  potential  dangerous  effects  from  the  vague 
suppositions  and  sinister  implications  which  sometimes  appear  In  r.on-speclalist  accounts. "  There  is  cer¬ 
tainly  an  element  of  truth  In  this  statement,  however,  it  goes  too  far.  Just  because  people  are  willing 
to  tolerate  such  high  level  of  noise  for  a  couple  of  minutes,  with  no  apparent  damage  does  not  mean  that 
there  is  no  longer  any  need  to  be  concerned  with  such  levels  of  noise  in  terms  of  performance  and  physiolog¬ 
ical  changes. 

Our  studies  certainly  do  not  indicate  that  men  cannot  work  in  such  high  intensity  noise  since  most 
seem  to  be  fairly  efficient.  The  fact  of  the  matter  is  that  we  have  only  scratched  the  surface,  we  do 
not  know  what  importance  if  any  that  our  studies  have.  One  study  (23),  conducted  at  the  same  Intensities 
used  in  the  rail  study,  showed  that  a  discrimination  task,  confining  short  term  memory  and  visual  discrimi¬ 
nation,  as  well  as  a  hand-tool  dexterity  test  were  adversely  affected.  On  the  discrimination  tasks  the 
subjects  made  more  errors  than  they  d*d  in  the  quiet,  and  on  the  land- tool  dexterity  task  the  subjects  took 
10  to  15X  longer  to  complete  the  task  than  during  the  control  condition.  Also,  the  exposure  to  the  noise 
was  only  10  to  15  minutes,  and  of  course,  this  does  not  tell  us  anything  about  situations  where  men  go  in 
and  out  of  such  noise  several  (or  many)  times  in  one  day  or  are  exposed  for  longer  periods  of  time.  In  fact 
the  conclusions  of  the  exploratory  studies  contained  in  the  Benox  Report  (1,  9)  conducted  many  years  ago 
would  apply  to  the  results  we  have  obtained  with  the  discrimination  task  and  the  Imd-tool  dexterity  task. 
The  authors  of  the  report  conclude:  “(a)  There  was  a  tendency  toward  increased  time  necessary  to  accomplish 
a  relatively  complex  psychomotor  task.  (b>  Subjects  more  frequently  fcrgot  or  neglected  to  follow  instruc¬ 
tions.  And  (c)  There  was  an  urge  to  work  hurriedly  and  get  out  of  the  noise  situation. *•  Up  to  this  point 
in  time,  we  are  not  able  to  say  very  nuch  about  the  effects  of  extremely  intense  noise  beyond  what  was  said 
a  number  of  years  ago  by  the  authors  of  the  Benox  Report.  And  over  the  years  the  urgency  has  somewhat  gone 
out  of  the  problem  because  cf  a  tendency  of  men  in  such  noise  levels  to  both  wear  ear  orotection  and  to  wear 
more  adequate  ear  protection.  However,  there  is  the  necessity  of  taking  a  more  analytical  look  at  the 
effects  of  such  noise  as  well  as  looking  at  higher  levels.  The  very  Intense  noise  characteristic  of  many 
military  situations  has  been  studied  but  little.  Although  there  is  much  literature  on  the  effects  of  lower 
levels  of  noise  (up  to  115  dB),  there  is  little  on  the  highly  intense  noise  and  it  is  particularly  important 
that  the  lat. -r  be  studied  more  intensively  because  we  are  only  partly  studying  the  same  stimulus  that  is 
discussed  in  the  literature  on  the  effects  of  noise  on  man. 
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DISCUSSION 

PERDRIEL.  I  chink  thac  we  should  not  be  surprised  to  note  an  influence  of  noi  -e  on  vestibular  function 
as  this  fall?  in  the  category  of  sensory  interactions.  Noise  of  the  revel  of  HOdB  indeed 
causes  a  decrease  in  visual  performance  with  the  same  characteristics  as  that  which  was 
described.  Concerning  this  interaction  between  noise  and  vision,  it  is  believed  that  its 
effect  is  situated  at  the  thalamic  level,  (an  one  formulate  the  same  explanation  for  the 
effect  of  noise  on  vestibular  function? 


I 

ay 

$ 

.3 


s 


HARRIS.  In  our  studies  with  the  high  intensity  broadband  noise  many  sensory  systems  arc  stimulated 
through  the  action  of  airborne  vibrations.  Therefore,  sensory  interaction  undoubtedly 
occurred.  However,  since  -  were  able  to  produce  an  even  larger  decrement  with  a  1,000  Hz 
intermittent  tone,  present.  •  asyncctrical ly  through  earphones,  I  au  inclined  to  think  that 
the  vestibular  receptors  were  directly  stimulated. 

COHEN.  Hay  it  not  be  possible,  as  a  control  for  auditory  muscular  reflexes,  to  use  subjects  with 

auditory  damage  but  with  their  vestibular  systems  intact? 

HARRIS.  Yes,  if  one  could  find  such  subjects.  Host  individuals  with  auditory  damage  have  damage  CO 
their  vestibular  systems  as  wc1!. 


MALCOLM.  Is  there  any  possibility  that  the  effects  you  sec  are  due  to  reflex  response  of  sxclctal 
muscles  to  the  very  high  sound  levels  you  use? 

KARRIS.  Yes,  there  can  be  no  question  about  this.  There  may  be  reflexes  produced  both  by  action  of 
the  noise  on  the  auditory  system  and  by  a  direct  action  on  the  skin,  muscles  and  joints. 
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ALCOHOL  INDUCED  POSTROTATORY  FIXATIONAL  NYSTAGMUS, 

A  TRAINING  FILM  ON  A  SIMPLE  METHOD  OF  DETECTING 
CLIGHT  ALCOHOLIC  INTOXICATIONS  IN  PILOTS. 

Lt.CoI.  G.f'rohlich,  GAF,  NC 

Flugmedizinisches  Inatitut  der  Luftwaffe 
8080  Fiirstenfeldbruck,  Fliegerhorst 

Summary: 

Thin  film  shows  the  practical  procedure  and  its  nystngnogre.phical  correlates.  #ith  this  test, 
the  flight  surgeon  has  at  his  disposal  a  reliable  and  simple  method  to  detect  and  thus  eliminate 
from  flying  pilots  in  an  acute  state  of  alcohol  intoxication  or  with  a  marked  hangover  from  the 
night  before- 

In  normal  and  healthy  subjects,  postrotatory  nystagmus  is  suppressed  by  jcular  fixation.  This 
is  due  to  the  inhibitory  effects  of  a  control  regulatory  system  located  in  the  Foraatio  reticu¬ 
laris.  An  even  slight  alcohol  intoxication  decreases  these  inhibitory  functions,  and  tho  subject 
is  not  able  to  suppress  pcstrototery  nystagmus,  which  then  is  clearly  visible  to  tne  examiner. 

This  fact  has  first  been  described  by  MANZ  in  1939.  On  this  basis  TASC-HEN  then  developed  a  simple 
test  to  detect  alcohol  intoxicatione  especially  for  the  use  in  forensic  arnicine: 

flhile  standing,  tne  subject  is  turned  round  his  vertical  axis  5  times  within  10  seconds  with 
his  eyes  open  in  a  room  with  normal  illumination.  Then  he  is  stepped  abruptly  and  has  to  fixate 
the  examiner's  finger  held  25  cm  away  from  his  eyes.  A  marked  nystagmus  of  more  than  **-5  seconds 
duration  indicates  an  alcohol  intoxication  with  blood  alcohol  concentrcticna  of  0,5  -  0,8  J60 . 

EL6EL,  HEIFER  and  PIOCH  then  inveotigated  the  significance  of  this  test  on  a  large  sample  of 
280C  alcohol  intoxicated  persona.  Fig.  1  shows  the  increase  of  mean  durations  of  postrotatory 
fixations!  nystagmus  in  rex-ticn  to  blood  alcohol  concentrations. 

Nystagoograpkic  control  tests  in  the  resorption  phase  (Fig.  2)  revealed,  that  the  differentia¬ 
tion  between  worst  results  in  non-intoxicatcd  and  most  favorable  results  in  intoxicated  subjects 
begins  at  0,3  *0.  Above  0,5  %o  every  postrotatory  alcohol  nystagmus  is  clearly  distinguishable 
from  every  ENG  tracing  of  normal  subjects.  After  a  mean  blood  alcohol  concentration  of  1,16  %o 
and  2-3  hours  after  the  end  of  the  alcohol  ingestion  the  tests  were  still  positive  in  the  elimi¬ 
nation  phase  with  concentrations  of  0,7  -  0,9 
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DISCUSSION 


LASS BERG.  Jupt  a  suggestion:  could  not  the  sensitivity  of  the  test  be  improved  by  using  10  rotations  in 

20  seconds  instead  of  S  rotations  in  10  seconds?  This  would  give  the  cupula  tine  to  return 
to  its  zero  position  and  respond  to  the  full  180Z  sec  stoppiug  impulse. 

II 

FROHLICH.  This  is  undoubtedly  true,  but  this  test  has  not  been  developed  for  use  by  ENT  specialists.  ! 
will  make  this  suggestion  to  Dr  Heifer  at  the  University  of  Bonn,  who  has  made  the  most 
extensive  study  on  this  problem. 

KOLBARSHT.  Isn't  the  state  of  light  (or  dark)  adaptation  important  in  determining  the  amplitude  of  I0G. 

'  ”  Subjects  could  falsely  diminish  EOG  by  controlling  his  state  of  adaptation. 

It 

FROHLICH.  This  test  is  only  performed  iu  a  normally  lighted  room  and  the  test  person  is  always  in  a 
state  of  adaptation  to  the  ambient  illumination.  Furthermore,  in  a  clinical  setting  the 
nystagmus  response  is  assessed  visually  and  not  by  eleccro-oculographic  techniques. 

BLOOM.  Have  you  used  your  technique  to  detect  other  drug  abuse  items  such  as  marijuac*.  heroin, 

tranquilizers  or  an*  -histamines? 

It  . 

FROHLICH.  No,  we  have  used  this  technique  only  to  evaluate  the  effects  of  Caffeine  or  Pervitin  on 
alcohol  intoxicated  persons.  These  two  drugs  did  not  improve  postrotatory  fixation; 
postrotatory  nystagmus  was  not  decreased. 

ANGIBOUST.  During  experimental  alteration  of  the  state  of  wakefulness,  obtained  either  by  pharmacological 
agents  or  simply  by  sleep  deprivation,  one  observes  an  important  degradation  in  the  form  of 
sacc3dic  eye  movements.  When  the  subject  was  asked  to  fixate  alternatively,  and  at  his  own 
rhythm  on  two  points  with  an  angular  separation  of  70°,  initially,  the  single  saccadic  eye 
movement  was  replaced  by  a  number  of  smaller  saccades,  which  later  gave  way  to  a  smooth  slou 
eye  movement,  between  t}je  fixation  points.  This  phenomenon  would  appear  to  be  similar  to 
the  described  by  Col  Frohlich. 

it 

FROHLICH.  I  am  "cry  grateful  for  this  remark.  We  found  the  same  effec.  in^the  elf.ctronystagmographic 
records  of  subjects  who  fixated  sequentially  or.  points  with  a  20  separation. 
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ANALYSIS  OK  THE  VESTIBULO-OCULAR  LOUNTERROLI.  REFLEX  IN  PRIMATES* 
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C.  R.  Kepi  ogle,  Ph.D. 

K.  A,  Smiles,  lat  Lt,  USAF 
R.  D.  Brown,  Captain,  USAF 

Aerospace  Medical  Research  Laboratory,  Wriglit-Pat teraon  Air  Force  Base,  Ohio  45433 

and 

K.  II.  Wheeler,  Captain,  L'SAF 

Air  Force  I tint i tote  of  Technology,  Wright-l'atterson  Air  Force  Haae,  Ohio  45433 


SUMMARY 


The  vest  lbo lo-ocu lar  reflex  manifest  by  counterroll  waa  used  to  determine  the  reaponae  dynamic* 
of  the  veatlbuiar  system  and  alterations  In  these  dynamics  subsequent  to  +Cx  acceleration  exposure.  Six 
rhosuH  monkeyn  were  tested  before  and  after  acceleration  exposure  to  determine  If  significant  changes  had 
occurred  In  the  vest lbulo-ocular  countorroll  reflex.  The  tests  consisted  of  constant  spaed  rotation, 
pendular  oscillations  and  multiple  sine  wave  oscillations  about  the  subject’s  cyclopean  axis.  Ocular 
counterroll  was  recorded  using  a  linear  resolver  mechanically  fixed  to  the  monkey's  eyeball.  The  data 
collected  van  analyzed  by  use  of  the  Fast  Fourier  Transform.  This  work  demonstrates  that  there  is  no 
significant  decrease  in  the  system  gain  with  Inputs  up  to  1  llz;  the  observed  phase  lag  can  be  accounted 
for  by  a  time  delay  of  approximately  0.2  seconds,  and  there  Is  no  significant  response  alteration  caused 
by  acceleration  loading  up  to  75  Klx. 


INTRODUCTION 

Recent  cmphuHls  on  the  Interaction  of  vestibular  function  and  human  operator  performance  has  dem¬ 
onstrated  a  critical  need  for  a  mathematical  analysis  of  the  vestltclar  system.  The  primary  purpose  of 
our  work  is  to  define  the  transfer  function  characteristics  of  the  vestibular  system  in  order  to  predict 
vestibular  Influence  on  mnn/machlne  control  performance. 

Previous  studies  have  indicated  that  the  ocular  counterroll  reflex  Is  a  measure  of  vestibular 
function  and  that  both  the  semicircular  canals  and  otolith  organs  are  Involved.  In  order  to  assess  the 
influence  of  the  semicircular  canals  and  otolith  organs  on  human  operator  performance,  a  quantitative 
description  of  these  systems  Is  ncccssury.  It  ha*  been  postulated  that  otolith  organs  set  as  llnssr 
acceleration  sensors  and  that  the  semicircular  canals  at',  ur  angular  acceleration  sensors,  Their  functions 
may  therefore  be  separated  by  correlating  the  smooth  pursuit  component  of  ocular  counterroll  with  the 
linear  acceleration  portion  of  the  forcing  function  and  by  correlating  the  rotary  nystagmus  portion  with 
the  angular  acceleration  component  of  the  forcing  function. 

Parker,  et  ,il,  (1)  have  reported  otolith  organ  damage  in  guinea  pigs  exposed  to  acceleration 
levels  as  low  an  12  -Klx.  This  suggests  that  commonly  used  experimental  acceleration  levels  might  cause 
functional  otolith  organ  damage.  Monkeys  were  exposed  to  ■Klx  acceleration  (12.5  to  75  ■Klx)  in  an  attempt 
to  alter  vestibular  function.  Using  ocular  counterroll  as  an  Indicator  of  vestibular  function  (specifi¬ 
cally  otolith  organ  function),  counterroll  measurements  were  made  before  and  after  +Cx  acceleration. 

METHODS 


Experiments  designed  to  yield  baseline  data  were  conducted  with  twelve  rhesus  monkeys.  Direct 
measurements  of  eyeball  counterroll  relative  to  the  median  sagittal  plane  were  made  by  using  a  custom 
fitted  contact  loi.s  coupled  to  a  linear  transformer.  To  eliminate  slippage,  the  lens  was  sutured  to  the 
eyeball  using  two  sutures  placed  at  the  medial  and  lateral  limbus  (Figure  l).  During  suture  placement, 
tile  monkey  was  under  metered  halotb.me  anesthesia.  The  sutures  are  passed  through  holes  drilled  In  the 
lens,  the  lens  Is  next  Inserted  and  the  sutures  tied.  Subjects  were  Immobilized  In  a  restraint  chair 
mounted  on  a  controlled  motion  platform.  The  contact  lens  was  then  coupled  via  a  flexible  shaft  (Figure  2) 
to  a  linear  transformer  mounted  on  the  motion  platform.  During  the  experiment,  a  topical  anesthetic  was 
administered  to  minimize  discomfort.  The  other  eye  was  covered  and  the  experiment  conducted  in  near 
darkness . 


The  subjects  were  exposed  to  three  types  of ‘mot  Ion  Input  about  the  cyclopean  axlsl  constant  speed, 
pendular  oscillations  and  multiple  sine  wave  oscillations.  The  position  of  the  subject's  median  sagittal 
plane  relative  to  the  local  gravity  vector  was  measured  by  means  ef  a  potentiometer  connected  to  the  drive 
shaft  of  the  rotating  platform.  We  define  the  potentiometer  output  as  80.  To  facilitate  viewing  of  the 
time  traces  for  positive  potentiometer  values,  counterroll  output  from  the  linear  transformer  was  defined 
as  positive.  Constant  Hpeed  rotations  (0.05-1.0  Hz)  were  used  because  they  afford  linear  acceleration 
Inputs  with  no  angular  acceleration  component.  For  this  Input,  Hie  acceleration,  As,  Is  gtven_bv 
Ah  *  gslnH,-,  where  g  Is  980.  For  constant  speed  Input,  the  potentiometer  reads  from  +180*  to  +180“  and 
resets  at  the  null  point  on  the  winding  (Figure  I).  I'endular  Mot  Ions  (9c+90*,  0,05-0.5  Hz)  were  also  used. 

♦The  experiments  reported  herein  were  conducted  according  to  the  "tailde  for  Laboratory  Animal*  Facilities 
and  Care,"  1965,  prepared  by  the  Committee  on  the  Culde  for  laboratory  Animal  Resources,  National  Academy 
of  Sciences  -  National  Research  Council, 

Further  reproduction  Is  authorized  to  satisfy  needs  of  the  U.S,  Oavernment. 

The  research  reported  In  this  paper  was  conducted  by  personnel  of  the  Aerospace  Medical  Research  Laboratory, 
Aerospace  Medical  Division,  Air  Force  Systems  Command,  and  the  Air  Force  Institute  of  Technology,  Wrtght- 
I'atterson  Air  Force  Base,  Ohio  454JJ, 
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The  linear  acceleration  component  of  this  Input  is  such  like  tlmt  for  constant  speed  rotations  with  the 
addition  of  a  sinusoidal  angular  acceleration  component  (9C).  Since  this  input  is  a  combination  of  linear 
and  angular  accelerations,  the  response  to  both  can  be  separated,  assuming  linearity.  The  third  input 
was  random  appearing  pendular  motions  designed  to  produce  a  nonpredlctive  input.  The  summation  of  five 
sine  waves  (0.05-0.6  liz)  was  used  as  the  nonpredlctive  forcing  function  to  the  wstlon  platform.  Input  (9C) 
and  output  (eye  position)  signals  were  recorded  on  analog  tape  and  subsequently  digitized  and  recorded  on 
digital  tape  for  analysis  on  an  IBM  360  Model  40  graphics  computer.  The  Fourier  Transforms  of  the  input 
and  output  time  records  were  approximated  using  the  discrete  Fourier  Transform  implemented  by  the  Cooley- 
Tuckey  Algorithm  or  Fast  Fourier  Transform.  From  the  transform  values,  the  power  spectral  densities  (PFD)' 
for  the  input  and  output  signals  were  computed. 

Six  of  Che  twelve  rhesus  monkeys  tor  which  baseline  data  was  collected  were  exposed  to  high  +Gx 
acceleration  levels.  Each  monkey  was  anesthetized,  placed  in  a  restraint  device  and  exposed  to  various 
acceleration  profiles  (Table  1).  Ocular  count ;rroll  response  of  all  six  subjects  was  measured  at  different 
times  tanging  from  one  day  to  several  months  after  acceleration  exposure. 

RESULTS  AND  DISCUSSION 


[v 


Normal  counterroll  re  ponse  to  constant  speed  rotation  consists  of  an  initial  nystagmus  (input 
onset)  followed  by  a  smooth  sinusoidal  eye  movement  and  concludes  with  a  post-rotary  nystagmus  (input 
cessation,  Figure  3).  Relating  the  smooch  portion  of  the  response  to  the  linear  acceleration  input  for 
various  speeds  yields  a  dynamic  model  of  the  linear  accelerometers.  The  dynamic  response  of  the  angular 
accelerometers  can  be  derived  by  application  of  the  Laplace  transform  to  a  comparison  of  the  slow  phase 
component  of  the  post-rotary  nystagmus  with  the  change  in  angular  velocity  of  the  chair. 

Response  to  pendular  notions  is  similar  to  that  caused  by  constant  speed  rotation  with  the 
inclusion  of  a  fast  phase  component  throughout  the  trace  (Figure  4).  Portions  of  the  response  which 
generally  are  in  the  direction  of  the  stimulus  arc  called  slow  phase  components  (SPC).  Those  components 
which  are  either  opposite  in  direction  to  the  SPC  or  which  have  significantly  greater  slope  than  the  SPC 
are  defined  as  fast  phase  components  (FPC). 

The  FPC  of  the  counterroll  response  is  bel/eved  to  be  a  resetting  action  caused  by  velocity  and/or 
contraction  limits  inherent  In  the  ocular  muscles.  Removal  of  this  resetting  motion  and  cumulation  of  the 
SPC  yields  the  commanded  eye  motion.  This  motion  represents  ocular  response  to  vestibular  output  caused 
by  both  angular  and  linear  acceleration  inputs.  It  is  this  cumulative  eye  notion  which  we  wish  to  use  to 
study  the  dynamics  o*  the  vestibular  system.  Removal  of  the  FPC  and  cumulation  of  SPC  for  a  response  to 
a  pendular  ruction  is  shown  In  Figure  5.  The  method  used  to  remove  FPC  is  structured  around  an  algorithm 
suggested  by  Tole  and  Young  (2).  From  Figure  5  it  can  be  seen  that  cumulation  of  the  slow  phase  position 
results  in  .ppri  cinately  80*  of  commanded  eye  motion.  From  this  cumulative  slow  phase  position  and  the 
information  derived  from  constant  speed  rotation,  the  response  to  linear  acceleration  can  be  removed  to 
yield  the  counterroll  response  to  angular  acceleration. 


J  A  time  trace  of  the  counterroll  response  to  the  third  input,  multiple  sine  waves,  is  shown  in 

|  Figcrc  6.  Though  it  Is  difficult  to  assess  the  degree  of  correlation  between  input  and  output  signals 

£  from  this  illustration,  preliminary  frequency  analysis  indicates  that  the  fundamental  frequency  components 

of  the  counterroll  response  (output)  occir  at  the  sane  freque  cies  as  that  of  the  input.  This  is  also 
true  for  constant  speed  rotation  and  pendular  notion  (Figures  ?,  8,  and  ?). 

k 

[From  the  constant  speed  input  i.u  d  output  transforms,  phase  and  amplitude  ratios  can  be  computed 
and  a  Bode  diagram  constructed  for  bas/line  data.  This  work  is  presently  being  carried  out  and  should 
yield  a  model  for  the  linear  accelerometers.  Some  of  the  data  analyzed  thus  far  is  plotted  in  Figure  10. 
This  data  indicates  that  t.iere  is  no  significant  decrease  in  amplitude  ratio  with  increasing  frequency 
up  to  l  Hz.  Toe  observed  phase  lag  shown  in  the  lower  portion  of  Figure  10  can  be  accounted  for  by  a 
time  delay  of  approximately  0.2  sec  ;ndO. 


i 


The  cumulated  slow  phase  <ounterroll  due  to  pendular  motion  input  r,.-  t.i'.ts  a  response  to  both 
linear  and  angular  acceleration.  Using  the  model  for  the  linear  accelerometers,  tnc  response  due  to 
linear  acceleration  can  be  removed.  From  the  remaining  counterroll  response  and  the  angular  acceleration 
input,  another  3<de  diagram  car  ^e  constructed  to  give  the  dynamic  characteristics  of  the  angula; 
accelerometers  about  the  cyclopian  axis. 

The  pre  and  post  acr  deration  counterroll  resor.jscs  appear  qualitatively  the  same  and  the  Gx 
exposure  levels  used  seen  to  have  no  demonstrable  effect  on  the  functional  characteristics  of  the 
vestibular  organs.  Phase  and  amplitude  ratios  of  the  counterroll  response  to  constant  speed  rotations 
after  acceleration  exposure  do  not  vary  significantly  from  values  before  exposure.  In  addition,  none  of 
the  monkeys  exposed  to  +Cx  acceleration  exhibited  behavioral  abnormalities  symptomatic  of  vestibular  end 
organ  damage.  Prclicznary  temporal  bone  examination  suggests  that  these  levels  of  acceleration  do  not 
result  in  gross  displacement  of  otoconia. 
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Figure  3.  CounterrolX  response  to  a  .25  Hz  constant  speed  input.  Note  nystagmus  of  eye  counterroll  during 
the  initial  portion  of  rotation  followed  by  a  smooth  sinusoidal  notion.  Then  as  the  chair  notion  goes  to 
zero,  note  the  post-rotary  nystagmus  in  the  eye  counterrcll  tespense. 
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Figure  -.  A  portion  of  eye  counterroll  response  to  a  pendular  chair  motion  of  0..  Hz.  fhose  torsional 
eye  movecents  exhibit  typical  slow  and  fast  phase  oolions  (nystagaus). 
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Figure  a.  Shovn  the  'over  trace  at  Figure  >-A  is  the  recorded  eve  counicrroll  response  so  an  0.2  H: 
pendular  notion.  7h»  ipper  trace  ot  Figure  A-a  is  the  cumulative  slov  phase  response  vith  the  last  phase 
portions  ronove-1  -  Figure  >-B  is  an  expanded  segrrnt  o:  i-A. 
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Figure  6.  Eye  counterroll  response  to  a  aultlple  sine  wave  aotion  input.  Included  within  the  eye  trace 
are  two  vertical  lines  (at  approximately  30  and  100  sec).  It  is  over  the  range  delineated  by  these  lines 
that  the  Fourier  Transform!  and  PSD  shown  in  Figure  7  were  calculated. 
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Figure  7.  Power  spectral  dcnsl:*j:s  tr.Tr'  for  eye  cour.rorroll  and  chair  notion  insulting  iroa  a  aultiple 
sine  wave  forcing  function,  troth  trices  <  ivc  been  norr»‘’is.!  to  their  naxlsa. 
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Figure  8.  Power  spectral  densities  for  a  constant  speed  rotational  test  of  0.483  Hz.  Both  traces  have 
been  normalized  to  their  maxinun  values.  For  this  test,  the  aaplitude  ratio  at  .483  Hz  was  -46.97  db  and 
the  phase  was  -41.79*. 
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figure  9.  Power  spec  t  r.) !  uonsities  #or  .1  pendular  sot  ion  of  **>■*  Hr.  5oth  traces  have  been  norsalized  to 
i*wir  raMinan  values.  At  .2****  Hr,  the  jtah  v.ts  -'9*3  db  and  the  phase  was  +25.?  . 
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Table  1.  Tab/.e  of  G-Exposure  Profiles 
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DISCUSSION 

BENSON .  Your  Bode  plots,  which  presumably  reflect  the  dyusaics  of  the  otolith/eye  control  system,  show 
only  phase  lag  at  the  higher  frequencies  (0. 1-1.0  Ha).  Yet  in  experiments  carried  out  on 
human  subjects  exposed  co  a  rotating  specific  force  (as  in  your  experiments)  we  have  found 
that  over  a  wide  range  of  frequencies  judgement  of  position  was  phase  advanced.  Can  you 
reconcile  these  subjective  data  with  ycur  objective  findings. 

JUNKER.  Not  really.  But  I  would  like  to  say  that  other  data  collected  by  Kellogg,  who  used  a  photo¬ 
graphic  technique  with  human  subjects,  showed  phase  lag  at  frequencies  above  0.1  rad/scc.  In 
addition  1  seem  to  remember  subjective  data  collected  by  Meiry  S  Young,  during  linear 
sinusoidal  oscillation,  also  showed  lag  with  increasing  frequency. 

MALCOLM.  Is  it  possible  that  the  lag  term  in  your  data  could  be  due  to  the  extra  mass  of  the  lens-stalk 
transducer  system?  It  would  appear  that  these  components  are  quite  massive. 

Vo  the  remarks  of  Dr  Benson,  i  can  add  that  it  is  quite  simple  to  fit  the  data  obtained  by 
Lovenstein  A  Roberts  for  the  gravity  receptors  in  the  Ray  by  postulating  a  phase  advance  model. 

JUNKER.  We  have  calculated  that  the  torque  required  to  operate  the  linear  transformer  is  insignificant. 
Ac  you  probably  know,  measurements  of  torsional  eye  movements  are  usually  either  very  time 
consuming  (photographic  technique)  or  very  expensive  (TV  and  computer  analysis).  Our  technique 
is  neither  expensive  nor  time  consuming.  Torsional  eye  movements  were  measured  by  Kellogg 
and  also  Replogle  S  Kabrisse  many  years  ago  utilizing  a  photographic  technique.  They  used 
land-marks  on  the  iris  so  there  was  no  inertial  loading  of  the  globe.  Their  results  (though 
fewer  and  limited)  also  indicated  increasing  phase  shift  as  a  function  of  time  as  does  ours. 

Let  me  add  chat  at  low  frequency  (below  0.2  Hz)  the  stimulus  is  such  that  the  subject  moves 
around  more  and  variability  is  increased.  At  low  frequencies  we  found  both  lead  and  lag, 
thus  our  model  really  holds  only  for  the  higher  frecmcncies. 


Two  Specific  Kinds  of  Disorientation  Incidents: 
Jet  Upset  and  Giant  Hand 
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Abstract 

In  certain  circumstances  (instrument  flying  conditions  and  severe  turbulence),  ari  inappropriate 
pilot  input  to  aircraft  controls  leads  to  a  dangerous  nose  down  attitude  of  the  aiicraft.  There  have 
been  something  in  excess  of  26  of  these  "Jet  Upsets".  In  similar  circumstances,  there  have  been  a  few 
reports  of  what  can  be  called  the  "Giant  Hand"  phenomenon,  in  which  the  pilot  reports  that  the  aircraft 
controls  are  forceo  into  an  extreme  position  and  held  there  as  if  by  a  giant  hand.  Precipitating 
circumstances  and  underlying  mechanisms  of  these  two  kinds  of  incidents  aie  discussed,  and  some 
unpublished  experimental  observations  are  presented. 


INTRODUCTION 

Several  kinds  of  pilot  disorientation  in  flight,  such  as  the  Coriolis  disorientation,  the  "leans", 
and  the  sensation  of  climbing  which  accompanies  forward  acceleration,  are  well  known  by  scientists  and 
by  pilots.  Pilots  are  advised  that  when  they  become  aware  of  any  of  these  kinds  of  disorientation 
they  should  fly  (as  always)  by  visual  reference,  usually  by  visual  reference  to  the  aircraft  instruments. 

The  instruments  should  be  cross  checked  and  believed  and  made  to  indicate  the  desired  attitude  of 
flight  reoardles*  of  continuing  or  resulting  sensations  that  the  aircraft  attitude  is  not  what  the  pilot 
wants.  This  advice  has  passed  the  test  of  tine  and  it  is  a  correct  and  vital  part  of  a  pilot's 
instruction  in  aviation  medicine.  Nevertheless,  this  •'dvice  as  usually  given  is  incomplete  for  dealing 
with  two  less  common  and  less  well  known  kinds  of  disorientation  which  are  described  below. 

THE  JET  UPSET  PHENOMENON 

"On  February  12,  1963,  a  Northwest  Airlines  Boeing  720B  aircraft,  after  taking  off  from 
Miami  International  Airport  in  Florida,  flew  into  thunderstorm  turbulence  at  about  19,000  ft  altitude 
and  crashed,  killing  all  of  the  passengers  and  crew  members  on  board"  (Hitchcock  and  Chambers  1965). 

This  accident  is  considered  the  first  caused  by  turbulence  in  a  swept  wing  jet  transport  aircraft,  and 
probably  it  is  also  the-  first  case  of  "iet  upset"  in  a  transport  aircraft.  A  jet  upset  involves  a  jet 
aircraft  which,  without  the  pilot  intending  it  and  without  structural  failure,  gets  into  a  severe 
nose  down  attitude  and  loses  a  lot  of  altitude.  After  upset,  recovery  to  level  flight  is  difficult 
and  in  many  instances  the  aircraft  crashes  into  the  ground. 

From  flight  recorder  data,  and  fron  crew  reports  in  those  cases  in  which  the  aircraft  was  saved, 

1*  has  been  learned  that  the  upset  syndrome-  often  includes: 

(1)  instrument  flight  conditions  (no  visual  horizon) 

(2)  severe  turbulence 

(3)  pilot  inability  to  read  his  flight  instruments  for  a  period  of  time 

(4)  a  sensation  in  the  pilot  that  the  aircraft  has  pitched  up  dangerously,  even  to  the 
point  of  pitching  up  into  a  half  loop  (this  sensation  is  erroneous) 

(5)  a  pilot  control  input  which  causes  the  nose  of  the  aircraft  to  be  lowered  dangerously 

(6)  difficulties  in  raising  the  nose  of  tne  aircraft  back  to  level  flight  (these  difficulties 
can  involve  mistrin,  "tucking",  stalling  of  the  hr.-izonta!  stabilizer  drive,  and  control 
column  forces  of  over  200  pounds). 

In  sore  cases  jet  upset  has  been  initiated  by  failure  of  the  automatic  pilot. 

There  arc  records  (Bisgood  and  Burnham  1965,  Bulcy  1967,  Sodcrlind  1964)  of  26  jc-t  upsets  in 
commercial  airliners  in  less  than  10  years,  and  rccoids  of  12  similar  upsets  in  propeller  driven  aircraft. 
There  ere  probably  additional  (unpub lici zed)  incidents  involving  commercial  aircraft  and  further 
additional  incidents  involving  military  aircraft.  It  seems  clear  that  some  of  the  upsets  have  occurred 
without  gross  human  malfunction  (for  example,  2  upsets  which  were  initiated  b>  failure  of  the  autopilot) 
but  in  many  other  instances  human  malfunction  is  well  documented.  Pilots  have  reported  that  they  were 
disoriented  and  that  they  wore  unable  to  sec  the  instruments. 

In  February  of  1970  a  commercial  DCS  aircraft  was  descending  in  cloud  when  severe  turbulence 
was  encountered,  including  negative  G  forces.  The  captain  of  the  aircraft  reported  later  that  after  a 
brief  period  of  this  turbulence  the  instrument  panel  became  blank  and  he  had  the  sensation  that  the 
aircraft  had  done  a  half  loop  and  was  on  its  back.  He  reported  pushing  forward  on  the  control  column. 

The  feeling  of  being  upside  down  was,  he  said,  overpowering  for  what  seemed  like  several  minutes.  He 
was  about  to  give  control  to  the  first  officer  when  the  first  officci  said  "Christ,  we’re  upside  down". 

The  captain  then  decided  that  there  was  nothing  to  be  gained  by  handing  over  control  to  someone 
equally  disoriented.  The  second  officer  meanwhile  was  aware  of  negative  G,  he  saw  that  the  captain 
was  holding  the  control  column  forward  and  he  saw  the  artificial  horizon  which  was  indicating  a  nose 
down  attitude.  Khon  the  first  officer  said  "Christ,  wc'rc  upside  down"  the  concerned  second  officer 
said  "No  we're  r.^t.  Pull  it  up,  pull  it  up".  It  is  not  clear  whether  the  captain  was  able  to  act 
on  the  advice  immediately  or  whether  he  waited  until  he  could  see  the  attitude  instruments.  The 
first  officer  was  apparently  the  first  to  start  pulling  on  the  control  column,  and  then  the  captain 
joined  him  and  together  they  pulled  the  nose  up,  with  encouragement  from  the  second  officer  who  was 
saying  "A  little  more,  a  litt'c  core".  Khcn  the  captain  was  able  to  sec  the  instruments  again,  the 
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aircraft  was  in  relatively  smooth  air,  but  still  in  cloud.  This  is  perhaps  a  typical  jet  upset 
incident,  except  that  it  can  be  considered  unusual  (Sodcrlind  1964)  that  recovery  was  effected 
without  the  establishment  of  visual  outside  reference. 

Aside  from  the  engineering  and  procedural  aspects  of  turbulence  penetration  and  aside  from 
the  mechanics  of  aircraft  controls  which  are  effective  in  pulling  up  from  a  .iiph  speed  dive  (two 
important  parts  of  the  problem)  there  are  also  several  human  factors  parts  of  the  problem  which 
require  action.  First,  a  study  should  be  undertaken  to  design  and  build  the  best  seat  for  pcimitting 
vision  during  turbulence  and  vibration.  This  is  clearly  an  important  problem  since  pilots  have  reported 
incidents  even  during  clear  air  turbulence  when  the  instruments  were  not  readable.  It  is  possible 
that  in  the  DC8  incident  described  above  the  second  officer  was  able  to  read  the  artificial  horizon 
because  his  scat  cushion  or  springs  oscillated  him  differently  during  the  vibration,  either  because 
his  seat  or  his  body  weight  was  different.  Second,  the  face  of  the  artificial  horiton  should  be 
increased,  perhaps  doubled,  in  size  to  make  it  easier  to  see.  There  seems  to  be  no  compelling  reason 
for  it  to  be  only  three  inches  in  diameter.  The  colouring  and  lighting  of  this  instrument  could  also 
Le  optimized  for  turbulence  penetration.  Third,  pilots  should  be  giver,  special  instruction  concerning 
disorientation  in  the  jot  upset  situation. 

Pilots  should  be  told  that  in  turbulence,  particularly  when  visibility  is  restricted  by 
clouds  or  by  darkness,  it  occasionally  happens  that  the  pilot  experiences  an  overpowering  sensation 
(init,  iled  by  his  body's  inertial  rcceptois)  that  the  aircraft  is  pitching  up,  even  up  into  a  half  loop. 
If  such  a  sensation  is  experienced  the  pilot  must  rcaenber  that  it  might  be  a  false  sensation  and  he 
must  not  make  any  heroic  control  movements  before  checking  the  artificial  horizon.  The  advice  to  the 
pilot  thus  far  is  essentially  the  classic  "believe  your  instruments"  but  for  this  situation  it  goes 
further.  The  pilot  should  be  told  that  if  he  tries  to  check  the  artificial  horizon  but  cannot  read  it, 
the  aircraft  controls  should  be  left  neutral  until  the  artificial  horizon  can  be  read  and  it  should  be 
remembered  that  many  pilots  in  this  situation  have  pushed  the  nose  down  dangerously  far.  It  is 
exceedingly  dangerous  to  use  nose  down  trim  in  this  situation.  When  the  pilot  can  read  the  instruments 
he  should  believe  them  and  use  the  aircraft  controls  to  make  then  read  correctly  regardless  of 
sensations  concerning  orientation.  It  should  be  remembered  that  in  severe  turbulence  the  only 
instrument  which  always  gives  correct  attitude  information  (disregarding  malfunctions)  is  the  artificial 
horizon  (Sodcrlind  1964,  Br.lcy  1967,  Hitchcock  and  Chambers  1965). 

•HE  GIANT  HAND  PHENOMENON 

Three  aircraft  incidents  have  been  brought  to  the  attention  of  the  authors  wherein  the-  pilot 
has  lost  control  because  the  control  c  •lumn  has  been  apparently  pulled  forward  or  sideways  despite  all 
efforts  on  the  part  of  the  pilot  to  re  train  it.  The  initial  reaction  has  been  to  assume  that  some 
control  malfunction  has  precipitated  t  is  event;  however,  further  evidence  reveals  that  this  is  not 
the  case.  In  one  instance  (King  1962)  ‘he  pilot  (a  medical  doctor)  rclt  the  control  column  being 
pulled  from  hin  as  though  by  a  "giant  hanl".  He  tried  to  center  the  control  column  by  pulling  on  it 
with  both  hands  and  both  knees,  but  with  no  success.  Realising  that  be  was  disoriented,  he  realeased 
his  grip  on  the  stick,  and  watched  while  it  floated  back  t;  .he  central  position  by  itself.  For 
several  minutes  thereafter  he  was  able  to  control  the  aircraft  only  by  grasping  the  control  column 
with  t.iurab  and  forefinger.  He  was  suffering  from  a  subjective  impression  that  the  aircraft  was  in  a 
steep  bank  to  the  right,  ar.d  whenever  be  closed  his  whole  hand  oyer  the  stick  it  appeared  to  be  thrown 
forccably  over  towards  the  left". 

In  another  instance,  the  assumed  control  malfunction  caused  the  aircraft  to  drop  its  nose 
while  at  very  low  altitude,  shortly  alter  the  pilot  switched  off  the  afterburner.  After  the  pilot 
ejected,  the  aircraft  continued  on  for  a  considerable  distance  before  impacting  the  ground  at  a 
shallow  angle. 

The  third  case  occurred  during  a  uivc  bombing  attack,  when  the  pilot  found  that  he  could  not 
pull  out  of  the  dive  even  by  using  both  hands  and  his  leg.  The  stick  was  being  firmly  held  well 
forward  and  to  the  left,  and  so  he  pushed  it  further  forward  and  eventually  recovered  control  by  doing  an 
outside  rol 1 . 

Conditions  beading  to  Onset 

There  are  four  conditions  common  to  all  of  the  above  three  ir  idents  wh.ch  might  be  necessary 
for  the  'Giant  Hand'  effect  to  take  place.  A  state  of  anxiety  or  mental  arousal  seens  to  have  been 
prevalent  for  some  minutes  prior  ;o  the  incident.  The  control  of  the  aircraft  has  involved  a  motor  task 
of  one  or  both  hands.  Immediately  prior  to  the  event,  the  pilot  has  been  distracted  from  the 
immediate  ta’k  of  controlling  the  attitude  of  the  aircraft.  The  resultant  gravity  vector  has  been 
rotated  forward  (as  during  deceleration),  or  the  pilot  felt  that  ne  was  pitched  forward,  as  when 
diving  or  during  some  types  of  c^oss-coupled  head  movements. 

Experimental  Evidence 


A  preliminary  experiment  to  tesi  these  conditions  was  pci  formed  in  a  crude  flight  simulator 
mounted  on  the  back  cf  a  2l,  ton  truck.  Tlic  simulator  could  be  manual!',  moved  to  anv  position  from  45° 
nose  down  to  45  nose  up  and  45  of  roll  in  cither  direction.  The  subjects  sat  in  an  aircraft  seat, 
fully  harnessed,  and  enclosed  by  black  shrouds  mounted  oil  frames  affixed  to  tnc  scat.  The  scat 
itself  was  mounted  on  gimbals  to  permit  the  lattitudcs  of  motion  described  above.  The  subject  held 
a  pa  .vc  'control'  stick  in  his  right  hand,  and  the  position  (fore/aft,  iet't/nght)  of  the  stick  was 
indicated  to  the  experimenters  on  two  scales  outside  the  shrouds.  The  attitude  of  the  simulator  war 
altered  by  an  assistan"  using  handles  affixed  to  the  gimbals,  in  response  to  the  indicated  position 
of  the  control  stick. 

The  subjects  were  instructed  to  fly  the  simulator  at  what  they  perceived  was  a  15°  nosm  uo 
attitude,  wings  straight  and  level,  while  the  truck  accelerated  from  0  to  50  miies  per  hour.  Upon 
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reaching  this  speed,  the  subjects  were  told  to  fly  straight  and  level,  when  they  were  surprised  with 
a  sudden  deceleration  caused  by  a  one  second  application  of  the  truck's  brakes. 

Of  the  20  subjects  tested  in  this  ma,.ner,  two  exhibited  wh.-t  could  be  classified  as  a  giant 
hand  effect.  They  both  felt  as  though  the  stick  were  being  wrested  from  their  hands,  ’  „h  became  very 
agitated  and  thought  that  they  had  tipped  over.  One  man  insisted  that  he  had  hit  his  head  on  the 
floor  of  the  truck,  although  this  was  obviously  an  impossibility. 
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A  Possible  Mechanism 


The  condition  of  anxiety  is  known  to  increase  the  level  of  activity  of  the  Reticular 
Activating  System  in  the  mid-brain.  The  rotating  gravity  vector  increases  the  activity  in  Deiter's 
nucleus.  The  motor  task  of  gripping  the  stick  increases  the  level  of  activity  in  Sherrington's  final 
common  pathway  in  the  spinal  column.  A  sudden  distraction  from  the  control  task  possibly  releases 
pyramidal  trdet  control.  All  of  these  conditions  arc  known  to  lead  to  or  increase  an  existing  state 
of  spasticity  Brain  (1927)  found  in  hemiplegic  patients  who  are  tipped  forward  from  the  upright 
position,  that  the  paralysed  arm  which  is  usually  flexed  becomes  rigidly  extended  and  supports  the  body 
in  anthropoid  (quadruped)  fashion. 

It  is  proposed  then,  that  the  Giant  Kant  phenomenon  described  above  is  the  result  of  a 
postural  reflex,  an  uncontrollable  reflex  response  to  the  psychological  and  physiological  conditions 
affecting  the  pilot  prior  to  and  during  the  incident.  The  pilot  beli'  "“S  he  is  pulling  back  on  the 
control  column,  when  in  fact  he  is  actually  pushing  it.  The  problem  i»  impounded  by  the  fact  that 
a  forward  motion  of  the  control  column  causes  the  nose  of  the  aircraft  to  drop  and  tne  aircraft  to 
enter  a  dive,  causing  the  gravity  vector  to  rotate  further  forward  creating  a  condition  of  positive 
feedback.  It  is  not  clear  whether  an  erroneous  sensation  of  aircraft  attitude  is  necessary  for  the 
occurrence  of  the  Giant  Hand  phenomenon,  and  therefore  disorientation  as  strictly  defined  may  not  be 
involved. 


Further  experiments  are  being  conducted  by  the  authors  in  an  attempt  to  better  understand 
this  phenomenon.  Until  the  problem  is  better  understood,  pilots  should  be  told  that  probably  the 
best  way  to  cope  with  an  occurrence  of  the  Giant  Hand  ’  cnomenon  is  to  open  the  control  loops  by  either 
letting  go  of  the  stick  and  switching  to  a  thumb  and  forefinger  grasp,  or  by  pushing  the  control 
column  in  the  direction  of  the  pull.  Obviously  the  manner  selected  will  depend  on  the  particular 
circumstances  in  which  the  pilot  finds  himself. 
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VIOLETTE. 


DISCUSSION 

I  am  in  agreement  with  the  explanation  of  the  'Giant  Hand'  phenomenon  which  you  have  suggested. 
However,  another  mechanism  is  also  possible.  Movement  of  the  head  with  respect  to  the  neck 
can  bring  abcit  changes  in  the  distribution  of  muscle  tonus  and  produce  extensor  movements. 

Thus  sharp  involuntary  movement  of  the  head  of  the  pilot  may  be  an  explanation  of  the 
phenomenon  ”  <H.o<,  /  :bed;  for  example,  turning  the  head  to  the  left  would  engender  contraction 

of  oxtei.  ..uncles  or.  tn  .right  side  of  the  body. 


I 


I 


MALCOLM.  The  reflexes  you  describe  can  certainly  be  elicited  from  a  ’spinal  animal'  ie  an  anijal  with 

high  Liansection  of  the  spinal  cord.  However,  everyaay  experience  tells  us  that  this  dees  not 
seem  to  occur  in  a  normal,  healthy,  conscious  humans.  The  mechanism  I  have  postulated  affect¬ 
ively  produces  this  'spinal  condition'  for  a  short  period  of  time,  enabling  these  low  level 
spinal  reflexes  to  take  over,  and  remain  effectively  beyond  conscious  control.  In  the  three 
cases  discussed,  it  is  unlikely  that  the  pilot's  head  was  turned  3way  from  straight  ahead 
position  for  any  length  of  time  .because  they  all  could  see  their  hands.  The  other  possibility 
is  that  their  heads  were  being  throvn  about  by  the  violent  manoeuvering  of  the  aircraft,  but 
this  would,  by  your  explanation,  produce  a  complex  pattern  of  movement  of  the  limbs  and  not 
the  steady,  repeatable,  consistent  push  encountered  by  these  subjects. 

~>OBIE-  There  would  appear  to  be  little  doubt  that  the  'giant  hand'  phenomenon  was  associated  with  a 

panic  state,  but  is  it  not  possible  that  the  limb  movements  were  a  manifestation  of  'carpo¬ 
pedal  spasm'  brough  about  by  hyperventilation  in  this  panic  state? 

MALCOLM.  This  explanation  is  quite  possible,  and  cannot  he  discounted.  However,  in  the  incident 

described  by  Wing  Conraander  King  he  was  able  to  let  go  of  the  stick,  where  upon  it  'floated 
back  to  centre'  from  its  rather  extreme  position.  Upon  grabbing  the  stick  again,  the  reflex 
reaction  occurred  again.  This  sequence  may  not  be  possible  with  such  a  spasm. 

BENSON.  The  'giant  hand'  phenomenon  which  you  have  so  graphically  and  clearly  described  is  a  motor 
rather  than  perceptual  phenomenon.  Thus  although  associated  with  profound  motion  stimuli  it 
is  not  by  definition  'spatial  disorientation',  although  it  may  be  a  concomitant  of  this 
perceptual  disturbance. 

MALCOLM.  Yus  1  agree.  The  'giant  hand'  is  primarily  a  motor  rather  than  a  sensory  phenomenon,  though 

there  is,  in  part,  illusory  perception  of  movemenc  of  the  limbs  and  the  forces  responsible  for 
this  motion. 
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SUMMARY  ,  %  '  .  “ 

Out-of  72  aircrew  referred  for  clinical  assessment  because  of  ’disorientation  in  flight’ ,23 
pilots  described  incidents  in  which  they  experienced  feelings  of  irreality  and  detachment'.  These 
junonly  occurred  during  cototohous 'phases  ofliiglil  in  conditions  where  external  visual  orientation  cues 
were  restricted.  In  19  pilots  ofsfixoJ  wini  iircraft  the  perceptual  disturbances  characteristic  of  the 
’break-off’  phenomenon  occurred  when  1  ihg  at  eltitudob  in  excess'  of  36,000  ft,  but  v}f helicopter  pilots 
had  comparable  sensory  disturbances  at  500-10,000  ft.  in  all  but .2  pilots  the  dissociative  sensation" 
were  coupled  with  illusory  perceptions  of  aircraft,  attitude  and  notion,  though  only  in  7  -pilots -was  thev» 
a  qualitatively  false. perception  of  aircraft .orientation.  Evidence  is  presented  which  suggests  the 


•break-off-*  can  ’  j  both  •»  precipitant  and  a  nanifestation  of  anxiety  neurosis. 


The  poreoptaai;  probleiaS' experienced  b.  pilots  in  , deternining  the  attitado  and  notion  of  their 
aircraft  has  been  recognised  siiice  the  early  days; of  powefcdi  fllght.-  The  linitotib.is  of  nan’s  perceptual 
-bllities  in  the  -cnvironiccnt  of  flight  are.  now  well  appreciated  and  the  mochanismscf  many  of  the 
illusory  perceptions'  engendered  by  angular  and'  linear  accelerations'  are  understood.  (1*2,3,4)  nevertheless 
a  number  of* aircrew  experier.cr  perceptual  disturbances  in  flight  which  cannot  readily  be  accounted  for  on 
the  .basis  of  the  physiological, linitations  of  sensory  function. or  of  disturbance- bf  'noraal  function  ty 
■  disease  processes.  Ihed,  errors  or  disturbances  of  perception,  though.  labelled  collectively  as 

•dioorientatibn'  are  frequaetlv  nnt.  ans'-ai.'iied  with  illuaorv  horcentidn  of  the  Attitude- or  notio 

aircraft ;  in  other  words 
inoidants/in>whiehr  the 

•aircraft  With  respect  to  some  external  reference -such  as  -the  Earth’s- surface. 

The  rostrictiw  definition  of;* spatial  disorientation’' given  above,  refers  of  course  to  only 
one-  focot  .of  pureoptualprocossen, '.Mderlying  both  spatial  orientation  ahd  disorientation  in. f light;  Few 
would  disagree  that  it  is -the  most  important,  for  if  Tthbi  pilot.’ apperception  of  the  orientation  ?f  has 
fiTCiraft,  is  incorrect  then  his  control  of  Its- orientation*-  . is  also  likely' to  be  incorrect  and  the  safjty  pC 
aircraft  and  occupants  is  jeopardised.  As  Fig.1  .illustrates,  -the- aviator’s  ability  to  determine  the 
spatial  brientationrof  his; aircraft Js  interdependent  hot  only  upon  his  ability  tc  orientate  Uinsolf 
corrootiy  with  respect  to  earth  datum  but. also  upon  hic  correct  perception  cf  the  orientation  of  his  own 
body  with  respect  to  tho  aircraft.  Because  the  sensory  cuo3  whicit  allow  the  pilot  to  detarnihe-his 

id  haranniouslv  co-ordinated.  the  ■nefts'enbial  linkage 

i  himself 
though 

_  _  /mechanisms 

underlying  the  illusory  pcrceptiqn  cf  aircraft  n'  Hon.  For  example  in  cany  disorientation  incidents  the 
aviator  h'sfalsoor  inadoquatQ  ir.foraaticn  fron  /«s  titular  and  other  nechseiorsceptors  which  give  rise  to 
a  false  uehsation  of  the  pilot’s  position  or- attitude  in  space.  Bet  because  of  the  fire  perceptual  bend 
between  pilot  and' aircraft  the  notion  sensed  'by  the  .pilot  is-porceived  as  that; of  the  aircraft., 

Spatial^diGoriehtatibn,.  characterised’ by  a  false  perception  cf  aircraft;  attitude  or  motion,  is 
aSiS*  ikely  to  load  to  an  aircraft  accident,  than  those  perceptual  dist^rb-vccs  whi-h  disturb  the  aviator’s 
brio  tat  ion  of  self  with  .aspect  to  the  aircraft,  or  of  self  with  respect  tu  the  earth  da'"jy.  Yet  it  has 
beer  ear  experience  in  tin  Royal  Air  Force  tint  the  aircrew  who  were  referred  for  spec  list  asseSfahAtr, 
because  of  'disorientation'  in  flight,  dist  nrbinccs  of  the  aviator' h- perception  of  Hi 3  crientuti"  with 
respect  to  aircraft  and  grour^  'tore-neariy  as  corabn  is  those  in-which- there  were -illuadsy  porct  lore  of 
airqwft  orientation.  1 

Oyer  the  .last  ten.  years,  72  aircrew  were  -referred  by  the  Consultdr.t  in  Mpuropsyshiatiy  of  the 
RAF  Cent:.  "  Medical  Establishment  for  special  investigation  of  'disorientation.'  at  the  Institute  of 
Aviation  Medicine .  Of  these,  2?  alrcr--r chad  false  nercopti,n  of  aircraft  orientation,  23  had  disordered 
perception  of  their /relationship  tc  aircraft  or  ground,  and  11  experienced  hrth  types  of  disorientation. 

It /must  be- pointed _<ht  that  these  figures  do  -*»t  reflect  the  incidence  cf -these  different  <ypes  vf 
disorientation  in  thi  noiaal.  aircrew  population  or  indeed  the  distribution;  of  incidents  which-ara  reported 
to- Station  Medical  Officers.  Rather  they  ter-'  tc- emphasise  those  incidents  which  belie  a  simple 
explanation  ih-ti 'las- ef -physiological  r  .chartisms  or  whorc-thopc  am  associated  psychiatric  problem. 

Although  the  irt-f light  Incidents  repbr' id  by  this  group  of  aircrew  covered  a  wide  variet;  -of 
disordered  perceptions,  ah  a."  toped  a.  Irenes!  of  ft  -.viatcr’d  reistionsh*  *-  -  cm  aircraft  or  h)  vhe 
earth’s  Surface  was. described  dy  j-i  ~f  the  individuals  exafeinsd.  lyrically  the  sensations  were  a  feeling 
of  detachncnt  and  isolation,  fr  quontly  associated  with  tii&it  at  hi  ^  altitude  during  rolatively  -  - 

.undemanding  phases  pf  the  filgit.  Both  the  subjective,  aynpipas  ah  the  fJigJit^erhrironnont  in  which  the 
incidents  occurred,  egrrospondod  to  chose  de?eribai  %  ^'l,a=k  A,  grayaicl  ^5/  and'  named  by.  t»««  aut-he'- 
tho  ' break-of f '  phenomenon .  '  ilo  accepting -t- -  descriptive  util0y-bf  this  %i3  it  must  ba  recogiiised 

that  comparable  dicsociativ..  ^yaptoas  occac  m  aitastie>h3  other  iliin  the'*,  of  flight  when;  there  is  - 
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isolation  and  an  unchangingsensory  input.  Furthermore,  alteration  of  awareness  with  durealization  and 
doporsonajiiaatibn  aro;foatnir6s  of  sevoritpoycHiatric  diaordars  as  rail  as  tox’c  states  and'oigahic 
disease  of  the  central  nervous  system.'®)  -  ' 

In- an  attempt  to  _init  tho  breadth >of  clinical  material  to  bo  studied,  the  present  enquiry 
was  confir.oi  to  those  aircrew  whooxperionccd  symptoms  characterised  by  ah  altered  .awareness >  of  their 
orientation  and  rolationnhip  to  the  aircraft  or  the  earth,  when  flying  at  high  altitudes  or  in  visual 
conditions  of  flight  comparable  to  those  experienced,  at  high  altitude.  This  selection  procedure- 
yielded  23  aircrew  whose  reports'  of  the  sensations  oxporiqneod  in,  flifiht  tod  the  cardinal  .features. .of 
the  ’break-off*  phbnoaenon.  Tho  mean  ago  of  the  group,  rho  were  all  pilots,  ■sac  33.6  yr  (range  Hi-43  yi-) 
and  the  mean  ;flying- experience  was  2*892  hr  (rai\;o.  400-13,000  Hr);.  .  -  ; 

Although,  by  the  nature  of  *  the  selection  procedure  employed  all  tho  aircrew  studied  had 
expbriencedidissbeidtive  sensations,  usually  expressed  an  S  feeling,  of  ' detactoeht  and- remote;  jCs  froa 
the  aircraft  they  wore  piloting,  in  many  there  was  an-assbeiatod  disturbance  of  perception;  of  the 
attitude  or  notion  of  tile  aircraft.  An  example  of  ' break-off*  uncomplicated  by  this  particular  type  of 
spatial  disorientation  is  providod  by  the  case  history  of  a.39  yr  old  Canberra  pilot  with  2,800  hr 
flying  experience;  .  - 

-?  cas3  fnsTour  no  i  -•iasAjc-ofF'  'sman^Aiss  reacssribir  .oK-^moaijrap  oiiEWAjioM* 

This  pilot  presented  with  a  two  year  history  of  episodic  feelings. of  unreality  and 
dotachsent  when  flying  at  high  altitude.  He  hsd:  no  symptoms  until  he  tod  to  carry  out 
calibration  flights  in the- Canberra  (32)  which  entailed  i'lying.  at i-heigit;  of  approximately  - 
■  40,000  ft;  on  a  constant  heading- f~e  a  30-60  nin  period,  '/hen  the  horizon  wa3. indistinct 

and  the  ground  obscured  by  clctid  or  featureless,  as  wfen  flying  over  the  sea,,  he.-was.  bn 
-  ocoaflibnp-oycrcbto-by  a  *feeiihg;of'imrbality'  toicrcnbtcres3  from  the  aircrafC.:-  .These 
-  oqncatichs  wore  accompanied,*  by- apprehension  and  a  .  fear '  that  ,  he  aigwt  lose  consciousness  and 
control  of  tho  aircraft.  However;  lie  was- always  ablo  tb  maintain  full  control  and  there 
was  no  change  in  hid'-apprcciation  of  aircraft  oris- tation.  Anxiety  was  also  manifest,  as 
auccular  tensibn  and  sweating. 

Symptoms  commonly  continued  for  as  long  as  he  had  to  fly  straight  and  level  on  r 

fixed  hcading  and  hodbeen  experienced  for  90  .In  oh  0 cessions  though  ’O  min  wac  r-ore 
typical..  Symptoms  disappeared  assoon  asawoll  defined  external  visual  roferenoe  was 
available,  or  conversely  when  he  flew  into,  cloud  and  'had  to  fly  solely  by  instruments. 

Any  distractior.  such  to- talking  tbihio  navigator  or  totqraiiqhcrf  fli#it  path  could 
, alleviate  symptoms, ,  though  only  when  such  an  event  occurred  spontaneously.  Volitional 
attenptsby  him,  to  redirect  his  attcntidhraroly  modified  his  cynptbms. 

Over  the  two  year  period,  he*  tod -'-experienced-  such  perceptual  disturbances  on  about 
20  occasions.  He  sought  medical  . advice  because  of  increasing  severity  of  symptoms  _nflight 
aid  the  dbveli_  'it  of  anticipatory  tension  a  toy  or,  two  bcfcrc  a  flight  in  which  ho  thought 
symptoms  would  occur.-  '  ?  " 

In  tho  remaining  20  aircrowthorowas  oomcerrorin  ;he  perception  of  the  attitude  or  motion, 
of  tho  aircraft.  Ilbst  commonly  this  took .  the  f ora  of  a  feeling  of  instability  described. as  ’like  being 
balanced; on. a  knife  edge*,  or'  ’the  aircraft  is  suspended  in  spaco  on  the  -point  of  a  needle*,.  In  all 
but  one  of  the  pilots  this  sensation  was  accompanied  by  apprehension,  frequently  expressed  as  a  fear  that 
!thb  aircraft  might  fall  out  if  the  sky.* .  The  principal  features  of  this  sub-group  of  paticnts  is 


! tho  aircraft  might  fall  out  if  the  sky* .  The  princit 
contained  in  the  following  history. 

«ASS  HISTOHY  SO  *2  *3.12AX-0r?- tHTH'tliTABIIJTy. 


A  21  yr  old  I'lying  Officer  first  experienced  sympt  can  during ‘conversion  training  in 
the  Canberra.  During  a. daytime  flight  at  40.,000  ft  when  required  to  fly  straight  ard  level 
for  5  min  in  hazy  conditions  with  an  indistinct  horizon,  ho  was  suddenly  overcome  ly  a 
feeling  of'" isolation  and'-of  ^uing  *mit  of  touch'  yithythe  aircraft.  He  found  ttotihe  wab- 
gripping  the  cdhtrols  tir^ttly'ahd  beginning  to -sweat;*  ire  was  awari  that  die  was  breathing 


disappeared  only. -when -he  began  to  descend.  V-  '  " 

In.-the-four  months,  follqping  the  Initial  incident;  he  experienced  similar  symptoms,  ch 
about  10  occasions.  These  occurred  when  flying  straight  endiovol  at  altitudes  in*  oxcoss 
ol  30,000  ft;  Couplod  with  rthe  feeling  of  instability  was  the  fear  that  to  nitht  become 
disorientated  if  he  wore  required  to  fly  on  instrasents -and-hc-was  aspeiountabr  t  his 
utility  to  deal  with  an  er.crgcr.cy  should  one  occur.  Yet  on  no  occasion  was  hiv  control  of 
the  aircraft  degraded  -rar  did  his  navigator  notice  a~y thing-t'ntoward; 

This -apprehension  about  chq  yeeurrenee  of  incidents  in  flight  progressively 
increased.  Ho  vomited  before  take-off  ontvo  occasions  and  i  o  began  to  deep  poorly*  He 
became  very  .nucleus  and  tense  cn  a  climb  turadgh  aloud  tc  30;OCO  ft;  the  canopy  wa3  iced 
up  and  tho  ^horizon  hazy;  .  Severe  symptoms  lasted,  for  30  nin  until  a  clear  hbrlzon.was 
visible.  On  landing  he  reported  to  hi3  Squadron  Obsaandor  shd  asked,  to  be  suspended,  from 
flying.  . 

Other  aircrew  described  incidents  in  which  the  .derealization  syhotoas  of  ’break-off*  wore 
coupled  with  more  specific  raise  perceptions  of  the  orientation  of  the  aircraft.  These  would  aaaear  to 
fall  into  two  categories,  one  in  which  the  perception  of  aircraft  orientation  was  quantitatively* false. 


Number  p er  call 


yie»2A  Sensation  cupulograas  foryaw 
-and  roll  axis  atinuli;  of  o' 
pilot  who  experiences  •  ;  ak- 
offs  without  illusory  perc  p- 
tion- of.  aircraft  orient  a*,  ia 
(Caselhiatory-Hp.  1  )V 


i’ig.23  Sensation  cupalograme  in  yaw 
and  roll  of ,  a  pilot  - who ,  in 
addition  to  the  dissociative 
sensations  <off  •  BreaJSoff 1  y 
felt  that  the  aircraft  was 
bankedand  ;tuming  to  tho  left 
when  *f lying:  straight  and  level’. 
(0ace  hi3tory  Ko. 4). 
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Yow  M«7  ,  Roll  NS 7 

NO  QUALITATIVELY  FALSE  PERCEPTION  OF  A /C  ORIENTATION 


0  0-1  0-2  0-3  O'*  '  0=  0:1  0-2  0-3 

Yow  N  *  16  Meowr*  of  Asymmetry |A)  R®11  N*J3 


?ig.3  Distribution  of  a  rwasuro  of  rsyroptry  obtained* f roe  the  sensation 
cupuiograns  of  7  pilots  in  shop-  ''Hresk-off '  .was  necoapaniod  by  quan¬ 
titatively  false  perception  of  aircraft  orientation  (upper  half  of 
the  figuro)  and  froa  16  pilot'*  shodid  not  have  , associated  'spatial 
.disorientation'  (loser  half).  Dt*  and  ronrasent -the  .total 
duration  of  all  after-sensations  evoked .  on  'stopping  turntable 
rotation  te  the  sight  and  to  tho  left  jrpspeetivefy. 


All-5 


or 


and -tho othor  whore  it. ia  qualitatively  false.  The 'feasor  of  those  two  categories  would  perhaps  be  . 
bettor  described  as  an  exaggerated- perception  of  the -attitude  or  change  in  Attitude  of  the -aircraft.  The 
lattor  represont3  an  .illusory  perception  in  which’  the  pcrccivod  orientation  of  the  aircraft  contains 
blenents  which  are  qualitatively  different  fron  the  corrcbt- orientation.  Host  of  the  cocnonly 

roaognised  oxanplos  of  spatial  disorientation  in  flight  fall  within  thi3  category  o.g,  the  'leans'*  < 
false  sensations  of  angular  notion  following  recovery  fron  prolonged  roiling  ana  spinning  nanoevrds. 

An  oxinplo  of 'break-off  associated  with  a  quantitative  error  in  the  perception  of  aircraft- 
notion  is  illustrated  by -the  incident c  reported  by  another  Canberra  pilot.  7  ^ 

CASS-HISTOaf  -no  3=  'BldAK-O??'  SERI  ilUAOTITATIYS  I)I30ItI2i?ATIOH.- 

r  . 

Otfor  tt-fivo  nonth  period  a  28  yr  bid  pilot  with  1,500  hr  flying  exporione  i  had  felt 
so.-sewhat  'uneasy1  whon  flying  at  altitude  at  night.  However,  ho  was. hoi  unduly,  disturbed 
until  one  night,  when  flying  at  an  altitude  in  excess  of  40.0C0  ft  .in  a  ?1Y  Canberra,  he. 
had  a, fooling  of  boliig  'out  of  touch',  with -the  aircraft.  This  sensation  of  detachnent 
was  accompanied  by  one  described  as  'dizziness'-  but  ->h  enquiring  this  was.  r*dt  a  true 
vertigo  (i.e.  angular  notion)  but. rathor  an  exaggerated  perception  of  the  notion  of  the 
aircraft*  ft  had  "difficulty  in  equating  his.  sensations  with-tho  aircraft  instsuoehta 
and  began  to  doubt  hiq  ability  to  control  fcho-aizeraft. 

Syriptoas  disappeared  during,  descent  but. .he  was,  acutely  disturbed  by  the  incident 
whicn  was  accordingly  roportod  fo  hisSEation.Hedical  Officor. 

Anongdt  the  sensory- disturbansos  associated- with  'break-off' ,  as  firdt  described  by  Clark  & 

Grcybii 
Sours 
lion* 

of : aircraft  orientation  in  which  the: 
aircraft,,  lie.  there  was  .-'spatial  dido 

Typically  the  false  sensation  of  aircraft  orientation  occurred  when  the  pilot, Had  levelled 
out  at"  cruise  altitude  and  had  entered  a  relatively  nc.no  tonous  .phase  of  t  flight.  The  case  .listory  of 
a.  25  yr  old  pilot  with  510  hr  flying  experience  illustrates  the  principal  featurcsoftbisgroup  of 
l/atientsi .  ,  —  "  - 

-cAssnasTOHr  ifo  4,  -ikcaXrO??  hith  mso^izwim.  -  :  -  .  . 


ire  was  a  qualitative  error  in  the  porceivedattitude  or  npiion  of  the 
dorientatioh'  if  thi3  ;tem  vis- U3<*d  in“.the  ceaonly,-accepted'seti|ei 


'This  pilot 
alter  joining  a  ( 


•ssfuliy  coipio.tcd  initial  and  conversion  training  but  shortly 
era  (B.15)  squadron  he  began  to-be  troubled  by  'disorientation'  when 


bogan-to  doubt,  hir,  ability-to  naintain-cphtrol;  These  sysptcos 
persisted  -  all  -the  tire  he  was  on  . instruments  and;  disappeared?  only  when  the  lights  iot  a 
city  or  runway  wore- clearly  yisibidi  ; 

Over  an  18  sonth  period  .10-had  sisilar  incidcnta-whehevor  he  flew  atnight. 

Although  the  perceptual  disturbance  did  not  change  noticeably,  ho  becanenore  apprehensive 
and  loss  confident  of  his -ability- to  fly  Safely;  Ho.  wag  suspended  .fros  flying  and  se«vt 
for  nodical  assessaorit  because  of  an  abort  el  night  take-off  in  which  he  bccane-confused 
and;  distracted  oy  thq  rtnway  lights.  -  '  ' 

It  was  found- that  all  7  pilots  with  qualitatively  fal»e‘  perception  of  ' aircraft  orientation 
felt  that  the  aircraft  was  basked  or  turning  when  ir  ■*ight  and  level  flifpit.  Such,  illusions  are  of  a 

typo  host  earsonly  oxporisr.cdd  by  aviators  Cw.  T".  ordered  perception. associated  with  'Break-off' 

did  hot.  appear  to  engender  illiisozy  sensations'  of  ax.  raft  orthntation  which  differed  in  any.  distinctive 
nannor  fron  those  experienced  by  aviators-vithqjt  dissociativpcsensations. 

'  -  -  A  sorq  detailed  conparison;iS'nade  later  of  the  7  pilots'  with  'break-off'  and  qualitatively 

false  perceptions  of  aircraft  orientation  with  the  16- pilots  in  whoa  ’break-tiff  was  not  associated  with 
! spatial  disorientation1..  In  other  respects  these- two  groups' were  very  3inilar,  The  nean.age  and  . flying 
axberier.ee  of  the  7  pilots  with  ’spatial  ddsoriphtatioa'  was  33.5  (S.B.  7.1$)  'yr  and:-3455 ' (range  510  - 
13,000)  hr  respectively;  comparable  figures,  for  the  16  pilots  without  disorientation- wore  33.6  (S.E.  7*  if) 
yr  and  2735  (range- 300  -  6,000)  hr,  - 


f 

I 


'Brea?- -off  in  helicopter  pilots 


The  case  histories  sd  far  presented  wore  all  .provided  by  pilots  of  fixed  wing  aircraft.  How¬ 
ever, .  wo  have  been  four  helicopter  pvt  ots  who  reported- derealisatioh  sytaptoss  comparable  to  those 
'  experienced  by  pilots  of  conventional  aircraft;  the'  principal  difference  between  fixed  and  rotary  sing 
pi’>-  is  that  tho  latter  had  ’break-off  duri.ig  fli^it  at  altitudes  of  less  tb  10,000  ft. 

.  ;  *a  helicopter  filets  experienced  .yaptona  during  long,  straight  '  .j.,  .,  over  tip  sea  to  off¬ 

shore  drilling  rigs.  'The  experience  of  a  43  yr  .civilian  Jit*  ***»p*sr  pilot -desa-tbed  overleaf,  is  in,  many 
respects  typical,  - 


L-ajL:*  ,-g  t-"~ 


CASS  IHSTOHT  KO  5  HELICQP~kt  PILOT  ’.VKH  BIEAK-O?? 

A  helicopter  pilot  with  over  3,000  hr  flying  experience  frequently  node  service 
flights  to  off-3horo  drilling  rigs  in  the  Porsian  Gulf.  On  one  such  flight  similar  to 
those  which  ho  had  node  many  tines  before  during  the  preceding  3  years,  ho  had  clinbed 
to  500  ft  and  set  course  for  the  off-shore  rig{  the  horizon  was. poorly  defined 
because  of  hazo  and  the  sea  below  wa3  calm  and  nearly  featurcle33.  After  flying  for 
about  10  nin  at  constant  heading  and  altitude,  ho  suddenly  experienced  a  'light-headed 
fooling',  and  that  ho  was  'out  of  touch'  with  his  immediate  environaent.  Ko  became 
noro  aware  than  usual  of  snail  movements  of  tho  holicopter,  but  there  was  no  qualita¬ 
tively  false  perception  of  it3  orientation.  Ho  other  symptoms  characteristic  of 
hyperventilation  wore  experienced,  though  ho  became  tense  and  tended  to  overcontrol. 

The  derealisation  and  other  symptoms  persisted  until  ho  saw  tho  off-shore  rig  and  began 
to  descend.  Because  of  this  unusual  sensory  experience  he  returned  to  the  nainlar.d 
with  a  co-pilot  and  had  no  3ynpton3. 

He  had  no  further  trouble  for  5  months  when,  in  circumstances  03sentially  iden¬ 
tical  to  the  first  incident,  ho  again  had  feelings  of  unreality.  On  thi3  occasion  he 
becaae  note  apprehensive  and  felt  that  ho  would  be  unable  to  cope  with  art  emergency 
should  one  or  ice.  Symptoms  disappeared  on  landing,  though  ho  still  felt  somewhat  ill 
at  ease.  During  the  subsequent  2  days  ho  nade  5  flights,  each  nor 0  disturbing  than 
tho  preceding  one.  By  this  tins  he  was  agitated  and  seriously  doubted  his  ability  to 

fly  with  safety,  so  he  reported  the  incidents  to  his  S'edical  Officer. 

The  other  very  experienced  pilot  al30  devolope'  a  feeling  of  insecurity  during  flight  over  a 
featureless  sea  at,  a  height  of  000  ft  with  a  clear  Cky  and  liazy  horizon.  He  was  so  alarmed  by  the  sen¬ 
sation  that  tho  helicopter  wa3  'balanced  on  a  knife  edge  and  felt  as  if  it  night  iopolo  out  of  the  sky* 

that  he  reported  the  isolated  incident  to  his  nodical  officer.  An  explanation  of  the  underlying  cause 
of  the  altered  perception  probably  prevented  the  dovclopnont  of  a  vicious  circle  with  increasing 
anxiety,  so  clearly  demonstrated  by  case  history  Ko  5* 

Tho  role  of  visual  cues  of  orientation  in  tho  genesis  of  dareolization  symptoms  is  il1,'.s- 
t rated  by  the  history  of  a  Squadron  Loader. 

CASS  HIST0SQT  KO  6  B.12AK-07F  IK  -SLICOPEHt  PILOT  7ITH  PASSUIOPIA 

A  45  yt  old  officer  with  over  5,000  hr  experience  had  flown  light  helicopters 
(Sycamores)  for  10  years  without  incident.  However,  during  conversion  training  in  the 
T/osscx  holicopter  ho  experienced  perceptual  disturbance  when  flying  at  night. 

Typically,  the  take-off  and  ascent-  to  500  ft  on  instruments  was  without  incident,  but 
on  looking  at  the  ground  and  then  at  the  flight  instruments  these  appeared  blurred  and 
he  began  to  feel  uncertain  about  tho  orientation  of  the  helicopter  and  of  hiaself  with 
respect  to  the  machine.  He  felt  as  if  he  was  'sitting  or.  something  that  does  not 
belong  to  me*  and  that  Ike  helicopter  was  'balanced  over  a  knife  edge  from  which  it 
night  topple  off'.  Ho  beoaae  more  aware  of  the  notion  and  noise  of  the  aircraft,-  but 
there  was  no  qualitatively  false  perception  of  its  orientation.  He  gripped  tho  con¬ 
trols  and  movements  wore  nade  more  precipitously  so  that  he  tended  to  overcorrect.  In 
order  to  allay  those  disturbing  sensations  he  would  descend  as  closo  to  the  ground  as 
possible  in  order  to  derive  adequate  visual  cues  of  notion  and  attitude,  but  uncertainty 
and  apprehension  persisted  until  ho  landed. 

Similar  symptoms  occurred  or.  five  sorties  at  night  and  also  on  several  daytime 
flights  in  which  ho  had  to  mix  contact  nr.d  instrument  flying  because  of  poor  visibility. 

Cn  all  these  occasions  he  experienced  difficulty  in  seeing  the  instruments  clearly  on 
transferring  his  gaze  from  outside  to  inside  tho  helicopter. 

On  examination  ho  was  found  to  be  suffering  from  presbyopia  and  half  spectacles 
were  proscribed.  He  resumed  conversion  training  and  was  free  of  ryntows  when  reviewed 
a  year  later. 

In  contrast,  the  4th  helicopter  pilot  was  relatively  inexperienced  ’•  475  h.r,  315  hr  on  helicop¬ 
ters)  and  first  experienced  fcel-ngs  of  unreality  and  detachment  during  a  fli'-ht  it  night  at  700  ft  ir. 
hazy  conditions.  5  -months  later  he  was  more  seriously  disturbed  by  similar  symptoms  on  hcgiinin n  to 
descend  from  level  flight  at  3,503  ft,  again  et  night  with  industrial  hazo  at  the  flight  level,  les.vite 
reassurance,  throe  further  incidents  occurred  each  with  increasing  anxiety  and  loss  of  confidence 
before  ha  was  grounded. 

Holationshin  between  illusory  narcocticn  of  aircraft  orientation  and  vestibular  junction,  .a  a  contribu¬ 
tion  to  tho  clinitol  evaluation  of  aircrew  presenting  with  symptoms  of  'disorientation'  in  flight,  swecial 
basts  of  semi-circular  canal  function  were  carried  out  on  all  patients  referred  to  the  loyal  Air  ^orce 
Institute  of  Aviation  ilcdicino,  i.'one  of  tho  patients  in  the  series  hero  reported  were  considered  to  hove 
organic  disoaso.  This  opinion  was  based  on  the  findings  cf  a  "oucinr-  neuro-ctoloqical  examination,  which 
included  the  Fitzgerald  a  Hallpike  (9)  Caloric  Test, when  tho  normality  of  vestibular  function  was  in 
question. 


Because  disorientation  is  a  perceptual  disturbance, the  tests  cf  vestibular  function  cerried 
out  wore  primarily  concerned  with  the  sensations  evoked  by  aico/ia£e  stimulation  of  the  vestibular  receptors. 
The  tost  procedure  employed  was  that  of  ronsatio.o  cupulomotry  (  '0,  f»»  Technique  e-mloyoi  following 

closely  that  of  Aschan  et  41.  \^).  The  subject  sat  or  lay  with  eyes  closei  or  a  turntable  *hish  was 
accelerated  at  1  /see  2  to  a  velocity  of  5C°/cec.  After  ot  sec  at  constant  -pood  r.e  turntable  was 
stopped  by  a  mechanical  brake  and  the  subject  asked  to  press  a  key  when  the  sensation  of  **irning 


disappeared,  Following  the  first  angular  stimulus  the  teat  was  reposted,  but  with  tho  table  rotating  in  the 
opposite  direction.  Subsequent  stopping  otinuli  woro  adninisterod  with  rota cional  3poods  of  40  /sec, 

20  /sec,  and  5  /seo.  The  direction  of  rotation  was  alternated  between  each  tost  ntiaulus.  Finally  tho 
60°/ooc  stinuli  were  repeated.  Post-rotational  latoral  nystagmus  was  also  recorded  by  moans  of  a  conven¬ 
tional  eloetro-oculographic  technique. 

The  initial  tost  procedure  was  first  carried  out  with  tho  subject  seated  on  tho  turntable 
with  tho  head  supported  in  a  vertical  position.  In  ihi3  position  tho  angular  stimulus  acts  in  the  2  axis 
of  tho  skull  and  is  equivalent  to  yawing  motion  in  flight.  Tho  duration  of  aftor-sen3ationa  were  also 
determined  when  tho  subjects  lay  in  the  supine  position  on  tho  turntable.  This  configuration  allowed  the 
sensitivity  of  tho  sensory  3ysten  to  roll  axis  stinuli  to  be  assessed. 

The  duration  of  the  aftor-censation3  were  plotted  against  tho  logarithm  of  the  intensity  of 
the  stop  velocity  stimulus,  in  the  conventional  fom  of  a  sensation  cupulogran  (Fig  2).  From  a  straight 
lin6  drawn  through  tho  points,  measures  of  the  tine  constant  of  the  exponential  decay  of  the  after- 
ssnsations  and  of  sensory  threshold  wore  obtained,  both  for  the  yaw  and  roll  ax?  stinuli.  Comparison  of 
these  values,  for  tho  7  aircrew  with  qualitatively  false  perception  of  aircraft  .dentation  with  the  16 
who  did  not  experience  such  illusory  sensations,  failed  to  show  a  significant  difference  in  any  of  ihe 
measures.  Likewise  there  was  no  significant  difference  in  these  measures  of  vestibular  sensitivity 
between  the  5  aircrew  who  experienced  a  heightened  awareness  of  aircraft  motion  and  those  who  did  not 
report  this  symptom. 

Analysis  of  measures  of  the  poot-rotationai  nystagmus  also  failed  to  demonstrate  any  sig¬ 
nificant  difference  between  tho  group  of  pilots  with  'spatial  disorientation*  and  the  group  in  whom 
'break-off'  was  not  accompanied  by  such  false  perceptions.  The  measures  studied  were  all  obtained  from 
plots  of  nystagmus  slow  phase  velocity  for  the  first  30  sec  after  stopping  and  included:  the  peak  slow 
phase  velocity,  tho  tine  constant  of  decay  and  measures  of  directional  preponderance  derived  from  thet-e 
two  variables. 

Although  tho  measures  of  'slope'  and  'threshold'  of  the  sensation  cu,.— logran  did  not  appear 
to  differentiate  the  group  of  pilots  with  'spatial  disorientation*  from  the  group  without  thi3  perceptual 
disturbance,  measures  of  the  difference  between  the  duration  of  the  after-sensations,  for  angular  stimuli 
to  the  right  and  to  tho  loft,  wore  found  to  bo  of  greater  value.  An  individual  cupulogran  was  considered 
to  show  directional  preponderance  if  the  durations  of  the  after-sensations  produced  by  stimuli  in  one 
direction  were  consistently  longer,  or  shorter,  than  for  tho  stinuli  of  equal  magnitude  in  tho  opposite 
direction.  Thus  in  ?ig.2  the  roll  axis  cupulogran  cf  tho  pilot  with  'spatial  disorientation'  (case 
history  4)  was  regarded  as  asymmetrical,  as  all  the  after-sensations  following  rotation  to  the  loft  were 
longer  than  the  after-sensations  produced  by  tho  same  intensity  stimuli  to  the  right.  The  other  3  cupulo- 
graa3  illustrated  were  not  considered  to  demonstrate  directional  preponderance,  because  the  difference 
between  tho  after-cons3tions  to  the  right  and  to  the  left  was  not  consistent  over  the  5  turntable  speeds 
employed.  ‘.Then  this  criterion  was  applied  to  the  individual  yaw  and  roll  axis  cupulograms  it  was  found 
that  an  appreciably  larger  proportion  of  the  aircrew  with  qualitatively  false  perception  of  aircraft 
orientation  exhibited  directional  preponderance  than  the  other  16  without  this  type  of  disorientation. 
Furthermore,  in  at  least  4  of  tho  7  pilots  the  asymmetry  was  in  agreement  with  the  false  perception  of 
aircraft  orientation  experienced  in  flight. 

As  a  specific  example,  consider  the  roll  axis  cupulogran  of  ?ig.2B  obtamed  from  a  pilot  who, 
when  flying  straight  and  level  at  high  altitude  felt  that  the  aircraft  was  banked  and  turning  slowly  to 
the  left  (case  history  No. 4).  The  sensation  cupulogran  for  roll  axis  stinuli  shows  jonsistently  longer 
after-sensations  following  rotation  to  tho  left  than  to  the  right.  3'ow  for  a  subject  lying  in  the  supine 
position  on  a  turn: able,  rotation  to  the  right  (i.c.  in  a  clockwise  direction  when  viewed  from  above)  is 
equivalent  (as  far  as  angular  motion  is  concerned)  to  rolling  left  wing  low  in  ar.  aircraft,  ana  on  stopping 
the  evoked  sensation  is  equivalent  to  rolling  right  wing  low.  Thu3  a  cupulogran  of  the  fora  shown  in 
Fig.2  implies  a  greater  sensitivity  to  roll-left  wing  low  than  roll-right  wing  low. 

l:cw  it.  is  suggested  that  in  flight,  if  the  pilot's  awareness  of  vestibular  sensation  ip 
heightened-  then  relatively  minor  degrees  of  vestibular  asyrr:.etry  can  be  the  cause  of  disorientating- sen¬ 
sations.  ' 12>  Thus  an  asymmetry  in  roll,  say  to  the  loft,  may  be  perceived  as  angular  motion  of  the  pilot 
to  the  left?  a  perception  which  is  extended  te  embrace  aircraft  motion  of  roil  vo  the  left  because  of  the 
closo  perceptual  li.ikage  between  pilot  and  aircraft.  Although  the  signals  from  tho  senl-circvlar  canals 
primarily  carry  information  about  tho  velocity  of  angular  motion  these  signals  car.  to  integrated  within  tho 
central  norvcu3  system  to  give  an  accurate  perception  of  the  change  in  angular  position.  vl3)  pv.o  illusion 
engendered  by  an  asymmetrical  canal  response  may  thus  be  manifest  as  a  false  sensation  of  either  angular 
velocity  or  angular  position. 

Tho  illusory  perception  of  aircraft  orientation  experienced  by  the  pilot,  whose  cupulograms  are 
shown  in  Fig.23  was  that  the  aircraft  was  banked  and  turning  to  the  left.  This  illusion  accords  with 
the  laboratory  demonstration  of  a  roll  axis  asymmetry  in  the  sensation  cupulogran  where  there  was  greater 
sensitivity  to  angular  motion  in  the  loft  wing  low  than  in  the  right  wing  low  direction.  The  demonstration 
in  one  pilot  of  a  vestibular  asyrerctry  which  could  account  for  the  illusion  experienced  in  flight  does  not 
establish  a  causal  relationship.  However,  in  the  6  other  pilots  vith  false  perception  of  aircraft  orienta¬ 
tion,  vestibular  asymmetry  was  demonstrated  in  all  but  one.  Table  1  summarises  the  findings  in  the  7 
pilots.  It  may  be  seen  that  an  asymmetry  compatible  with  tho  in-flight  illusion  was  present  in  at  least 
4  pilots.  Of  the  othor  3,  1  pilot  could  not  remember  the  direction  of  tho  illusory  perception  of  bank  and 
turn,  and  another  had  no  directional  specificity.  Only’  in  1  pilot  was  there  a  directional  preponderance  of 
the  sensation  cupulogran  which  did  not  accord  with  the  false  perception  of  aircraft  orientation  (Pilot  7). 

In  contrast  to  tho  finding  of  minor  degrees  of  vestibular  asyrr-otry  in  6  out  of  the  7 
pilots  with  qu-  .itativoly  false  perceptions  of  aircraft  orientation,  o;.ly  2  aircrew  out  of  the  1<S  without 
'spatial  disorientation'  wore  found  to  have  asymmetric  responses.  The  difference  between  tho  2  groups  of 
pati  nts  is  better  illustrated  by  ?ig.3  which  show:  the  distribution  of  a  measure  of  asymmetry  obtained 
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frox  the  after-sensation  durations.  'The  measure  employed,  which  makes  no  assumption  about  c-nd  organ 
dynaaieo,  represents  tho  modulus  difference  of  the  auased  durations  of  tho  aitor-sensation3  to  the  right 
at  all  5  stimulus  intonsiti  from  tho  summed  durations  of  tho  aftor-oonoations  to  the  left.  In  order  tu 
nininizo  intor-subject  variation,  the  difference  in  tho  aftor-sbnsation3  attributable  to  the  direction  of 
rotation  io  expressed  for  each  subject  as  a  proportion  of  tho  total  after-sensation  t.uao,  obtained  by 
avorasing  all  right  and  loft  after-sensations.  Statistical  analysis  of  tho  asymmetry  measures  demon¬ 
strated  that  tho  group  of  pilots  with  qualitatively  false  perception  of  aircraft  orientation  had  signifi¬ 
cantly  (P  =  0,01  -  0.05)" greater  asymmetry  in  both  tho  yaw  and  roll  axes  than  did  the  r-oup  of  aircrew 
who  experienced  comoarable  symptoms  of  dcrealization  but  without  'spatial  disorientation* »  Likewise,  the 
distribution  of  the  asymmetry  nca3urc  was  also  found  to  differ  significantly  (P  ■  0.02  -  0,05)  between 
the  two  groups,  in  both  tho*  yaw  and  the  roll  axis.  Although  tho  number  of  observations  is  small  and  does 
not  permit  tire  shape  of  tho  distribution  curve  to  be  determined  with  accuracy  tho  findings  suggest  that 
in  the  group  without  'spatial  disorientation'  tho  asymmetry  measure  wu3  normally  distributed,  whereas  in 
tho  group  with 'spatial  disorientation'  then,  was  a  binodal  distribution  of  the  moosuro.  These  inferences 
apply  to  tho  measure  of  asymmetry  with  attention  given  to  tho  sign  of  tho  response  and  not  to  the  modal 
values  depicted  in  Tig. 3. 
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In  this  paper  an  attempt  has  been  made  to  examine  tho  dissociative  symptoms  characteristic  of 
the  'Break-off  prenonenon,  as  a  feature  of  tho  broader  problen  of  disordered  perception  of  orientation  in 
tho  flight  environment.  The  picture  which  emerges  is  that  the  dcrealization  of  'breax-off  may  bo  coupled 
with  a  variety  of  illusory  perceptions  of  sirs raft  orientation.  In  its  least  structured  and  most  common 
form  this  illusory  perception  io  presented  as  a  fooling  of  instability,  though  less  frequently  there  is  a 

heightened  awareness  of  aircraft  motion  with  an  exaggerated  perception  of  iv-~ _ Litudc  or  change  of 

attitude  of  t  -o  aircraft.  In  about  a  thirl  of  tho  aircrew  examined,  illusory  perception  of  attitude  and 
motion  occurred  when  tho  -aircraft  was  flying  straight  and  level,  and  represent  the  type  of  illusion  which 
is  conventionally  described  as  ' spatial  disorientation'. 

It  is  of  interest  tint  in  tho  studios  of  'break-off'  made  by  Clark  £  Graybiel  (5)  and  Sour a(7) 
in  tho  USA  and  by  Lononaco  Od)  in  Italy,  illusory  perception  of  aircraft  orientation  was  not  associated 
with  iarcalizaiion  symntoms  in  any  of  the  aircrew  interviewed.  Yet  in  two  out  of  tho  five  cades  presented 
by  Bennett  pilors  1  :!t  ns  if  the  aircraft  wan  bankc!  or  turning.  This  difference  in  incidence  can 
probably  oa  attributed  tc  the  selection  procedures  employed  in  she  various  studios.  The  authors  who 
found  no  associated  'spatial  disorientation'  interviewpda  relatively  unselected  aircrew  population, 
whereas  in  the  present  study,  as  with  that  of  Bennett  tho  symptoms  experienced  in  flight  had  led  the 

aircrew  to  aaek  medical  advice. 

1*3030  the  surveys  carried  out  it  is  apparent  that  dissociative  sensations  are  not  infrequently 
experiences  by  aircrew  during  monotonous  phases  of  flight  at  high  altitude,  tho  incidence  ranging  from 
13.5#  (ref.  14)  to  35#  in  Clark  .'<  Graybiel's  a  *57  series.  Gours  '  also  found  that  35#  (6  out  of  17) 
of  aircrew  who  were  referred  for  neuro-psychiatric  assessment  and  had  flown  at  high  altitudes,  had  personal 
ox  iricnee  of  the 'break-off-  prenemcnon.  Tho  majority  of  'normal'  aircrew  report  that  'break-off  io 
characterised  by  a  feeling  of  elation,  exhilaration  and  excitement,  but  in  about  a  third  (38#,  ref. 5) 
instead  of  wlcasurablo  sensations,  idealisation  was  accompanied  by  apprehension  and  anxiety.  In  contrast, 
only  one  of  tho  pilots  examined  by  lours  (7)  found  'break- off'  to  be  entirely  pleasurable,  while  in  the 
present  scries  the  sensory  disturbance  was,  without  exception,  associated  with  feelings  of  unease  and 
ainrehonsion.  This  finding  illustrates  t^o  point  mode  earlier,  namely  that  the  pilots  described  in  this 
report  were,  like  those  studied  by  Sours  *7)  -at  representative  of  the  normal  aircrew  population,  but  were 
drawn  from  that  third  in  whom  'break-off'  wa,»  -v,  disturbing  rather  than  a  pleasurable  experience.  Indeed, 
in  all  of  tho  23  pilots  studied,  tho  perceptual  disturbance  was  associated  with  manifest  anxiety.  Such 
anxiety  reactions  ware,  in  tho  majority  of  aircrew,  confined  to  the  flight  environment  and  in  10  individuals 
were  sufficiently  specific  and  repetitious  to  bo  labelled  phobic  anxiety.  Significant  generalisation  of 
tna  anxiety  reaction  had  occurred  in  only  3  pilots.  Thus  it  would  appear  that  tho  'Break-off  phenomenon' 
was,  in  most  cases,  the  precipitant  of  a  neurotic  reaction,  for  other  factors  which  could  be  regarded  a3 
being  of  prime  aotiological  significance  wore  only  apparent  in  3  pilots.  In  this  respect  our  findings  are 
in  agreement  with  those  of  Sours  who  considered  that  'break-off'  could  be  the  precipitant  of  an  anxiety 
reaction  in  suscoptiblo  individuals. 
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The  association  of  dcrealization  and  depersonalization  with  phobic  anxiety  raises  a  more  diffi¬ 
cult  nosological  problem.  In  the  majority  of  cases  scon,  tho  perceptual  disturbance  was  clearly  the 
pracioitant  of  the  phobic  anxiety  which,  or.ee  C3tablisncd,  potentiated  the  dissociative  symptoms  in  the 
aimer  of  a  conditioned  response.  On  tho  other  hand,  i.hero  were  2  patients  in  whom. such  a  causality  was 
not  so  apparent  and  the  diagnosis  of  a  phobic  anxiety  -  depersonalization  neurosis  could  be  entertained 
if  not  firmly  established. 

Apart  from  anxiety  reactions,  dissociative  sensations  also  feature  in  oany  other  clinical 
entities  known  to  psychiatry,  and  can  bo  produced  by  organic  lesions  and  toxic  statos.  In  the  group  of 
aircrew  studied,  only  hyperventilation  appears  as  an  aetiologies!  factor  of  importance.  This  condition 
was  revealed  without  ambiguity  in  the  anamnesis  of  one  pilot,  where  tho  hyperventilation  was  apparently 
secondary  to  tfio  apprehon3ion  engendered  by  tho  perceptual  disturbance. 


~uj  conditions  of  the  flight  environment  which  engender  'break-off  nave  beer,  likcr.i 
on  7,  13,  • . where  initially  rho  lack  of  chajige  in  tho  sensory  environ; 


or.  likcr.cd  to  those 

of  sensory  deprivation  1  ’  1;>*  where  initially  zho  lack  of  change  in  the  sensory  environment  -  the 

restricted  sensory  input  -  brings  about  an  alteration  of  the  behavioural  state.  Thus,  pilots  when  flying 
rt  ir'it  and  level  at  a  constant  heading,  with  little  structure  ani  r.o  apparent  change  in  the  external 
visu.ol  cnvironjxsnt  are,  (to  use  Babb's  C'B.. ,  concept  of  an  'arousal  continuum')  likely  to  pass  from  a  normal 
level  of  arousal  into  a  behavioural  state  in  which  the  level  of  arousal  is  low.  although  each  low  arousal 
noruitiorr  nay  be  the  nilicu  in  which ’ break- off  occurs,  it  is  apparent  that  the  sensory  experience  of 
'break- -ff  is  associated  more  with  a  higb  than  a  low  level  of  arousal.  Certainly  high  arousal  is  a  normal 
concomitant  of  anxiety,  but  even  in  tho  majority  of  aircrew  whore  there  was  no  apparent  anxiety  those  was 
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a  feeling  of  elation  and  exhilaration  (5)  which  wa3  more  JLn  accord  with  n  behavioural  state  whore  the 
level  of  arousal  was  high  than  one  in  which  it  wa3  low.  It  would  appear  likely  that  dissociative  symptoms 
which  ocour  in  'break-off  can  be  both  a  manifestation  of  a  high  level  arousai  and  al30,  as  a  result  of 
the  individual's  awareness  of  an  alteration  in  subjective  state,  the  cause  of  heightened  arousal.  3ut 
tho  mechanism  by  which  the  altered  sensory  environment  brings  about,  the  perceptual  disturbance  remains 
obscure. 

There  would  appear  to  bo  two  principal  factors  necessary  for  the  induction  of  'break-off'. 

One  is  tho  paucity  of  orientational  cues  in  tho  pilots  external  visual  environment  and  the  other  is  a 
relatively  constant  flight  path.  Altitude  per  se  cannot  bo  regarded  os  a  prime  aeticlogical  factor,  for 
Eastwood  &  Bony  v have  reported  that  'feelings  of  detachment  from  one's  surroundings'  wore  experienced 
by  'many'  helicoptor  pilots  when  flying  at  altitudes  of  5.000  -  8,000  ft.  Furthermore  the  case  histories 
of  helicopter  pilots  presented  in  this  paper  clearly  Ir.aicato  that  comparable  dissociative  sensations  can 
occur  at  altitudes  of  only  500  ft,  providing  external  visual  cues  are  sufficiently  attenuated.  There 
would  seem  to  bo  an  inter-relationship  between  altitude  and  aircraft  type,  for  in  fixed  wing  aircraft 
'  ’'.-off  rarely  occurs  below  20,000  ft  and  commonly  an  altitude  in  excess  of  30,000  ft  is  required  for 

nduction  o'  symptoms.  The  differences  nay  to  duo  to  the  lower  air  speed  of  helicopters,  or  the  more 
••  unr.ivo  view  from  tho  cockpit  without  substantial  air  frame  reference.  Or  is  it  that  control  of  the 
noliccptcr,  bocause  it  i3  an  inherently  unstable  vehicle,  i3  a  more  demanding  task  than  piloting  a  fixed 
wing  aircraft  at  constant  height  and  heading? 

Perhaps  tho  fundamental  cause  of  'break-off  lies  not  so  much  with  control  of  the  flight 
vehicle,  but  in  the  pilot's  appreciation  and  awareness  of  his  situation  in  a  device  which  supports  him, 
as  it  were  unnaturally,  many  thousands  of  feet  above  the  surface  of  tho  earth.  A3  part  if  thi3  cognitive 
process,  released  by  the  rolative  constancy  of  tho  sensory  environment,  consideration  of  ’he  stability  of 
the  flight  vehicle  and  the  porfornanco  envelope  in  which  tho  pilot  has  to  operate  could  ..ell  play  a  signifi¬ 
cant  role.  Tho  uncertainty  generated  by  such  free  ranging  thought  processes  would  appear  to  bo  resolved 
by  visual  cues  of *spatial  orientation.'  But  if  those  are  inadequate,  the  uncertainty  is  not  resolved,  tho 
level  of  arousal  increases  and  the  dissociative  sensations  of  'break-off  cay  be  engendered. 
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manifest  as  muscular  tc-nsion  or  hyperventilation, 
feature  of  tho  'break-off  phenomenon*  is.  that  it 
anxiety  neurosis. 
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Although  tho  precise  mechanism  underlying  the 
perceptual  disturbances  of  the  ’break-off  phenomenon 
is  inadequately  understood,  certain  features  and 
functional  relationships  aro  established  and  are 
surnari2cd  in  diagrammatic  fom  by  ?ig.4.  This  con¬ 
ceptual  scheme  is,  without  doubt,  an  oversimplifica¬ 
tion,  but  it  serves  to  emphasise  the  inter-relationship 
between  'break-off ,  arousal  and  anxiety.  The  wreser.ee 
of  a  closed  loop,  a  vicious  circle  mechanism,  in  which 
tho  individual's  awareness  of  the  dissociative  sensations 
heightens  arousal,  illustrates  the  role  of  »break-off 
as  the  focal  point  of  phobic  anxiety  cr  the  precipitant 
of  anxiety  reactions.  Knowledge  of  such  aetiologioal 
mechanisms  may  bo  of  value  to  the  medical  officer  in 
tho  diagnosis  and  treatment  of  aircrew  with  fear  of 
flying  or  other  neurotic  reactions.  Yet  it  is  of 
greater  importance  to  recognise  that  neurosis  and 
wastage  of  highly  trained  personnel  may  be  prevented 
by  instructing  aircrew  about  the  perceptual  distur¬ 
bances  which  can  occur  in  the  flight  environment. 

Today,  nearly  all  aircrew  are  familiar  with  the  common 
illusions  of  aircraft  orientation,  but  knowledgo  about 
tho  sensory  disturbances  characteristic  of  tho  'break- 
off  'phenomenon  is  loos  widespread.  The  dissociative 
sensations  of  'break-off  even  when  associated  with 
false  perceptions  of  aircraft  orientation,  Jo  not 
appear  to  present  a  serious  threat  to  the  safe'y  of 
flying  personnel.  Nevertheless  there  is  a  penalty, 
for  the  perceptual  disturbance  can  bo  distracting 
and  the  pilot’s  attention  may  bo  diverted  from  more 
important  aspects  of  the  flying  task.  Performance  may 
also  bo  degraded  by  anxiety,  oarticularly  when  this  is 
However,  Iron  tho  acromedlcal  viewpoint,  tho  orincipal 
nay  bo  either  the  precipitant  or  the  manifestation  of  an 
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DISCUSSION 


VIOLETTE. 


Would  you  comment  on  the  apparent  discrepancy  between  (i)  disorientation  such  as  'break-off' 
resulting  from  reduced  information,  and  (ii)  disorientation  or  'vertigo'  resulting  from  over¬ 
load  of  information.  Are  they  equivalent? 

The  distinction  which  I  attempted  to  make  at  the  beginning  of  my  paper  was  between 
disorientation  in  which  there  was  an  erroneous  perception  of  the  orientation  of  self  (ie  the 
pilot)  in  relation  to  the  aircraft  and  earth  reference,  and  disorientation  in  which  the 
erroneous  perception  was  of  aircraft  orientation.  In  discussing  pilot  disorientation,  or 
aviators'  vertigo -as  '  is  commonly  called  in  the  US,  we  cotmaonly  refer  to  those  incidents  in 
which  the  perception  of  aircraft  orientation  was  wrong  -  this  a*ter  all  is  the  most  important 
thing  when  talking  about  loss  of  control  and  aircraft  accidents  due  to  disorientation. 

The  disordered  perception  of  orientation  of  pilot  relative  to  the  aircraft,  which  is  a  common 
feature  of  the  dissociative  sensations  characterised  by  the  'break-off  phenomenon',  may  be  no 
less  disturbing  to  the  aviator,  though  it  rarely  interferes  with  aircraft  control  other  than 
by  the  anxiety  engendered  in  some  individuals. 

Equivalence  between  these  two  types  of  disorientation  would  appear  to  rely  only  on  the  fact 
that  they  are  both  perceptual  disturbances  of  spatial  relationships.  It  is  all  a  matter  of 
how  one  defines  spatial  disorientation  in  flight. 

I  would  just  like  to  remark  on  the  fact  that  dissociative  sensations  have  been  in  the  past  a 
fairly  frequent  occurrence  in  crainee  helicopter  pilots,  especially  in  the  types  of 
helicopter  where  there  is  a  large  open  visual  area  in  front  of  him.  We  accepted  the 
phenomena  as  something  which  was  likely  to  occur  during  flying  training  and  hence  shculd  be 
explained  to  the  student  as  well  as  giving  him  some  way  of  curing  it,  when  it  happened. 

The  conmonest  description  was  one  of  sitting  on  top  of  the  canopy  (outside  the  aircraft). 

This  was  very  frightening,  ever,  when  only  for  a -fleeting-moment.  We  endeavoured  to  cure  the 
fear,  by  suggesting  that  when  finding  oneself  in  this  state,,  remember  you  are  not  really 
there,  there  is  no  100  kt  air  flow,  your  head  has  r.ot  been  . struck  by  the  main  rotor,  but  above 
all,  you  still  have  the  controls  in  your  hands,  so  you  can  fly  the  machine  no  matter  where  you 
feel  you  are. 

This  basic  knowledge,  given  to  the  students  in  their  first  few  days,  has  reduced  the  number  of 
reported  incidents,  probably  by  removing  their  anxiety  about  the  situation. 

Thunk  you  for  that  interesting  observation.  It  is  nowever  surprising  that  'break-off'  like 
symptoms  in  helicopter  pilots  is  mentioned  only  in  one  published  paper  (as  far  as  I  know). 

Yet  from  your  own  experience,  the  paper  of  Dr  Clark  (Al),  and  from  the  six  cases  I  have  seen  it 
is  as  common,  if  not  more  so,  in  helicopter  pilots  as  in  pilots  of  fixed  wing  aircraft.  The 
occurrence  of  'break-off'  at  lower  altitudes  in  helicopters  than  conventional  aircraft  implies 
to  me  that  the  'constancy  of  die  sensory  environment '  which  is  regarded  as  a  prime  aetiological 
factor  in  this  condition,  is  of  less  importance  Chan  the  aviator's  concept  of  the  'stability' 
of  the  vehicle  he  is  flying.  I  have  discussed  aetiological  mechanisms  in  my  paper,  chough  1 
admit  that  these  are  hypothetical.  Perhaps  some  member  of  the  audience  can  provide  a  better 
explanation  of  the  mechanism  the  'break-off'  phenomenon. 

The  'break-off  phenomenon'  can  a  pleasurable  experience,  but  'outside  the  body'  sensations 
can  also  be  unpleasant  and  accompanied  by  a  state  of  anxiety  and  instability.  This  phenomenon 
is  generally  observed  in  subjects  with  a  tendency  to  anxiety  with  problems  of  either  a 
sentimental,  social  or  career  nature.  I  believe  that  they  feel  'uncomfortable  in  the  skin' 
which  they  arc  'trying  to  leave'. 

I  have  also  seen  a  type  of  'break-off'  in  students  who  are  making  a  great  mental  effort  for 
examinations.  These  students  were  not  under  the  influence  of  any  drug,  but  engaged  in  a 
rhythm  of  intellectual  work  for  14—16  hr  per  day.  They  have  reported  a  feeling  that  they  were 
leaving  their  body  and  floating  in  space  outside  themselves.  This  sort  of  hallucination  is 
dispelled  very  effectively  by  mild  tranquilizers  such  as  Handrax. 

Thank  you  for  these  observations  which  serve  to  underline  the  fact,  that  the  dissociative 
sensations,  which  are  a  cardinal  feature  of  the  'break-off  phenomenon',  also  occur  in  a  number 
of  psychiatric  conditions  and  intoxications.  Yet  it  must  be  recognised  that  the  unusual 
sensations  of  'break-off  do  occur  in  aviators  whose  mental  health  is  not  in  question,  although 
in  ethers  these 'symptoms  my  be  the  manifestation  of  4  neurotic  reaction.  It  must  also  be 
recognised  that  in  susceptible  individuals  dissociative  sensations  can  precipitate  an  anxiety 
neurosis. 
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SUMMARY 

Documenting  the  surprising  frequency  of  the  r  'currence  of  vertigo  in  hyperbaric 
atmospheres  and  in  divers,  the  author  presents  t  •  wmaty  of  his  review  of  the  literature  and 
the  theories  that  have  been  advanced  to  explain  the  etiology  of  vertigo  under  these 
circumstances.  These  include  barotfa»ma,  damage  from  the  formation  of  bubbles,  hyperemia 
and  hemorrhage,  unusual  displacement  of  the  stapes,  caloric  stimulation,  slow  movement  cf 
ear  drum  and  ossicles  causing  eddy  currents,  performance  of.  the  valsalva  maneuver,  or  the 
sudden  clearing  of  a  blockage  in  one  ear,  and  disturbed  labrynthian  function.  The  author 
feels  that  vertigo  is  a  grave  menace  occurring  with  a  high  degree  of  frequency  among  divers, 
and  that  this  condition  has  hot  been  given  adequate  consid^tion  and  study.  It. warrants 
wider  recognition  and  continued  research  by  workers  in  the  field  of  diving  medicine. 
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INTRODUCTION 


It 


Vertigo  is  surprising!:'  frequent  in  diving.  Reviewing  the  existing  literature  relative  to  this  symptom  complex, 
we  must  arrive  at  the  conclusion  that  vertigo, .which  can  be  life-endangering  to  a  diver,  h;  .  een  viewed  with  a  degree 
of  complacency  in  diving  medicine.  With  the  increasing  interest  in  underwater  work  in  th>.  Navy,  industrial  under¬ 
water  exploration,  as  well  as  the  prolific  SCUBA  diving  activities  as  a  business  and  as  sport,  we  are  led  to  believe  that 
vertigo  3S  a  risk  in  diving  should  be  more  closely  investigated. 

REVIEW  OF  THE  LITERATURt 

Vertigo  in  caisson  workers  has  been  a  recognized  complication  for  many  years.  In  1896,  Alt*  reviewed  three 
cases  of  labyrinthitis  and  nine  cases  with  Meniere-like  symptoms  in  caisson  workers.  In  his  discussion,  the  associated 
vertigo  was  attributed  to  barotrauma.  This  is  a  generalization  that  establishes  the  scope  of  tin  problem,  but  is  hardly 
definitive  in  pinpointing  the  specific  etiological  factor. 

In  1896,  Friedrich  and  Tauzk2  reported  a  case  of  a  caisson  worker  with  vertigo  lasting  for  14  days.  From  1900 
to  1907,  Tomka3,  Heermann4,  and  Philip* •*  all  reported  cases  of  caisson  workers  that  involved  vertigo  or  Menicre-like 
symptoms.  In  these  cases,  the  symptoms,  including  the  vertigo,  were  believed  to  be  due  to  ischemic  lesions  in  the 
labrynthe.  This  etiological  factor  was  especially  espoused  by  Heermann. 

In  1909,  Keays7  reported  on  3690  cases  of  caisson  disease  in  which  he  reported  1 13  with  symptoms  of  vertigo 
and  14  with  the  classic  Meniere’s  syndrome.  His  interpretation  as  to  the  etiology  again  was  a  non-specific  barotraums. 
Thost*  in  1921  described  dizziness  and  disturbances  of  equilibrium  in  some  caisson  worker  patients  also  quoting 
evidence  of  gas  bubbles  in  the  mastoid  process.  In  1929,  Thost9  also  discussed  effects  on  the  middle  and  inner  car  in 
caisson  workers.  He  lists  three  etiological  factors  for  pathology  in  *hcse  areas;  one  being  the  effect  of  pressure  on  the 
vestibular  apparatus  wiiich  may  terminate  in  vertigo,  among  other  sy:  ;ptoms. 

In  1 229,  Vail10  reporting  on  cabson  disease  with  vertigo,  concluded  that  the.  vertigo  was  caused  by  damage  to 
the  cochlea  and  vestibule  by  the  formation  of  intravascular  bubbles.  Fields”  in  treating  four  cases  of  labyrinthitis 
with  vertigo  in  divers,  postulated  in  1958  but  the  vertigo  was  due  to  an  unusual  displacement  of  the  stapes  in  the 
oval  window  giving  temporary  symptoms  of  vertigo.  Rowe”  in  the  Australian  Medical  Journal  in  1961,  postulates 
that  calorie  stimulation  is  ’die  most  important  nechanism  in  the  prod-  rticn  of  vertigo  in  divers. 
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Melvill  Jones13  postulated  a  vertigo-producing  mechanism  in  fliers  in  1957.  He  stated  that  raoid  changes  in 
altitude  with  inability  to  readily  equalize  middle  ear  pressure  caused  slow  movements  of  the  ear  drum  and  the 
ossicles.  He  believes  that  these  slow  movements  produce  eddy  currents  in  the  endolymph  over  the  utricular  and 
saccular  maculae  and  the  ampullar  cupolae  which  probably  cause  the  ve'ligo  syndrome.  Lundgren14  ir.  the  British 
Medical  Journal  in  1965,  reported  on  data  accumulated  on  354  members  of  the  Swedish  Association  of  Sport 
Divers.  92  members,  or  26%,  reported  that  they  had  experienced  true  vertigo  during  SCUBA  and  free  diving. 

Tile  largest  number,  73,  experienced  their  vertigo  while  SCUBA  diving. 

Of  the  total  number  of  divers  who  experienced  vertigo,  95%  experienced  it  occasionally,  while  5%  experienced 
it  in  every  dive.  The  vertigo  episodes  described  by  Lundgren  in  the  subjects  who  answered  his  questionnaire,  ranged 
from  not  troublesome  to  very  troublesome.  Since  the  very  troublesome  group  comprised  1 8%,  and  included  such 
statements  as  the  vertigo  causing  an  inability  to  orient  themselves  in  the  water,  difficulty  in  swimming,  nausea  and 
vomiting,  it  appears  that  vertigo  can  be  considered  a  dangerous  affliction  in  diving. 

Lundgren,  in  his  discussion,  points  out  that  vertigo  can  be  produced  by  applying  the  valsalva  maneuver  under¬ 
water  in  an  attempt  to  clear  the  ears.  He  also  states  that  vertigo  may  be  produced  by  a  pressure  imbalance  when  one 
ear  is  blocked  and  is  suddenly  cleared.  Lundgren  postulates  that  the  disturbed  labyrinthine  function  during  diving 
is  caused  by  differences  in  pressure  in  the  middle  ear  cavity  and  the  surrounding  structures.  As  most  of  hi?  subjects 
had  vertigo  in  the  ascent  or  on  reaching  the  surface,  he  thinks  that  relative  overpressure  in  the  middle  ear  is  a 
primary  factor. 

He  observes  that  asymmetry  in  pressure  fluctuations  in  the  two  ears  must  also  be  a  contributing  factot.  30%  of 
his  divers  who  reported  vertigo  stated  that  they  usually  had  difficulties  in  pressure  equilibration.  Tim  theory  of  eddy 
current  production  in  the  endolymph,  as  espoused  by  Melvill  Jones  in  his  study  in  vertigo  in  aviators,  undoubtedly  is 
applicable  to  the  diver’s  situation.  Lundgren  states  that  if  the  intensity  and  magnitude  of  the  stimulus  is  a  factor  in 
the  frequency  of  vertigo,  it  would  be  much  more  frequent  in  divers  than  in  aviators.  He  suggests  the  term  of 
altemobaric  vertigo  as  a  useful'  name  for  the  syndrome. 

Terry  and  Dennison15  at  the  US  Naval  Submarine  Medical  School,  New  London,  Connecticut  published  a  study 
'  iv.  1966  on  vertigo  in  divers  who  were  attached  to  the  Submarine  Base  Training  Tank.  Terry  and  Dennison’s 
findings  differ  somewhat  from  those  of  Lundgnn. 


Number  of  Subjects 

Navy 

37 

;  Lundgren 
354 

Divers  experiencing  vertigo 

40.5% 

26% 

Association  with  clearing  one  ear 

20% 

30% 

Association  with  pressure  changes 

40% 

27% 

Water  temperature  involvement 

40% 

0% 

Terry  and  Dennison  conclude  that  vertigo  is  n  occ-  ,nal  symptom  among  divers  and  that  it  has  not  been 
given  due  consideration  as  a  complicating  factor,  "hey  le.l  that  the  incidence  of  this  symptom  among  divers 
is  consonant  with  the  experience  of  the  diver;  although  it  a  man  dives  long  enough,  he  will  experience  vertigo. 
Vertigo,  when  it  manifests  itself  by  loss  of  balance,  nausea  and  unconsciousness,  must  be  differentiated  from  the 
severe  forms  of  dysbarism.  Pressure  changes  within  the  middle  car  and  caloric  stimulation  may  play  an  important 
role  iti  its  cause.  Inequality  of  the  caloric  stimulation  between  right  and  left  ears  appen  to  play  only  a  minor 
role.  The  important  factor  seems  to  be  the  movement  of  endolymph.  whether  by  movements  of  the  stapes  causing 
eddy  currents,  or  convection  caused  by  caloric  stimulation.  The  high  incidence  of  vertigo  among  divers  is  worthy  of 
further  study. 

In  1970,  Vorosmarti16  and  Bradley  reported  on  the  results  of  a  questionnaire  evaluation  of  143  US  Navy  divers 
relative  to  the  occurrence  of  vertigo  whiie  diving.  Eliminating  all  the  ancillary  factors  that  may  cause  vertigo,  the 
authois  reported  that  1 1.9%  of  these  men  indicated  that  they  had  experienced  vertigo  in  diving.  The  authors  state 
that  most  of  the  reported  incidents  were  of  short  duration  and  not  troublesome. 

As  an  exercise  for  this  discussion,  the  writer  reviewed  43  case  histories  of  Navy  divers  requiring  decompression 
treatment  These  histories  were  loaned  to  him  by  Dr  H.W.Gillen  of  the  Indiana  State  Medical  Center.  The  following 
data  were  extracted: 


No.  of  cases  43  All  Navy 

No.  Experiencing  Vertigo  23 

Dizziness  (true  horizontal 

rotational  vertigo)  23 

Blurring  of  vision  and 

ocular  disturbances  20 

Nystagmus  2 

Nausea  20 


Tinnitus 

Incoordination 

Convulsions 


10 

10 

1 


Most  of  these  symptoms  occurred  in  the  ascent  from  a  dive  and  wore  most  pronounced  on  surfacing,  thus  requiring 
recompression.  Three  cases  occurred  on  descent  and  at  the  bottom  of  the  dive.  In  general,  these  findings  relate  to 
the  data  acquired  by  Lundgren,  Terry  and  Dennison,  Vorusmarti  and  Bradley. 


DISCUSSION 

In  recapitulation,  then,  the  several  mechanisms  of  vertigo  production  in  caisson  workers  and  divers  as  postulated 
by  various  authors  since  1 896  are: 

(a)  General  references  to  barotrauma. 

(b)  Ischemic  lesions  in  the  labrynthe. 

(c)  Hyperemia  and  hemorrhage  of  the  labyrinth. 

(d)  Formation  of  intravascular  bubbles  in  the  internal  ear. 

(e)  Displacement  of  the  stapes  in  the  oval  window. 

(0  Caloric  stimulation  of  the  middle  ear. 

(g)  Eddy  currents  produced  in  the  endolymph  by  slow  movements  of  the  car  drum  and  ossicles  due  to 
pressure  changes  in  the  middle  car. 

(h)  (Altemobaric  vertigo)  caused  by  pressure  differences  in  the  middle  ear. 

The  theories  of  Melvill  Jones  and  lundgren  arc  admittedly  similar  in  their  basic  dynamics;  that  is,  the  changes 
of  pressure  in  the  middle  ear  affect  the  pressure  loading  of  the  endolymph.  There  is  a  subtle  difference,  however, 
which  in  hydraulics  may  be  of  importance.  Melvill  Jones  sper  'fies,  as  does  Lundgren,  that  the  initiating  factor  is 
middle  ear  pressure  changes,  but  he  further  defines  the  potential  t  tiginous  effects  as  resulting  from  eddy  currents 
in  the  endolymph,  while  Lundgren  merely  speaks  of  pressure  cha '«  of  a  full  bore  nature  upon  the  labyrinthine 
structures.  He  infers,  as  does  Melvill  Jones,  upper  respiratory  inuxuon  involvement  affecting  the  ability  to  ventilate 
the  middle  car,  in  some  cases  with  unequal  pressurization.  On  the  basis  of  tnc  more  specific  definition  as  to  cause  as 
stated  by  Velvill  Jones,  these  two  theories  are  presented  separately,  although  fundanv  tally  they  appcaHo  be  the. 
same. 

It  wouid  appear  that  the  eddy  curre*  ts  of  Me,,  ill  Jones  and  the  altemobaric  vertl*  •  of  Lundgren  should  be 
given  the  greatest  consideration  as  poten.,al  etiological  factors,  although  a  combination  .'f  any  or  all  postulates  may 
be  contributing  factors.  Extr  vestibular  components  of  the  body  related  to  spatial  orient  ‘ion  may  also  piay  a 
critical  role  in  disorientation  and  vertigo  in  divers.  The  abnormal  stimuli  to  the  vis.  ji  apparatus,  proprioceptive 
receptors,  and  unusual  body  pressures  in  a  deep  dive  may  cause  disorientation  when  in  the  absence  of  light  coupled 
with  the  semi-weightless  state  of  the  diver,  he  loses  contact  with  the  surface,  and  does  not  know  which  way  is  up  or 
down.  Several  divers  have  been  drowned  in  dark  and  dirty  voters  apparently  for  these  reasons.  W.J. White17  at 
Cornell  University,  New  York,  placed  subjects  in  a  sub"  wed  gimballcii  chair.  With  their  vision  occluded,  they  could 
never  tell  which  way  was  up  when  exposed  to  the  gin,  .cd  movement. 

Obviously,  serious  vertigo  is  a  grave  menace  to  the  diver.  Vomiting  into  the  breathing  apparatus  has  fatal 
connotations:  while  prolonged  disorientation  could  lead  to  an  exhaustion  of  oxygen  and  subsequent  drowning. 
Lundgren  observes  that  vertigo  is  sufficiently  common  among  divers  and  of  such  potential  severity  to  deserve  a  wider 
recognition  among  workers  in  the  field  of  diving  medicine.  We  subscribe  to  this  observation. 
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DISCUSSION 

D0B7K.  I  have  not  been  impressed  with  'pressure  vertigo’  as  a  common  cause  of  disorientation  in 
aviators,  as  distinct  from  divers  who  if  course  experience  such  greater  pressure  changes. 

Could  the  speaker  consent  on  his  experience  of  the  incidence  of  ’pressure  vertigo’  associated 
with  the  Valsalva -manoeuvre  since  there  would  he  a  oorc  direct  roadover  to  the  aviation 
environment?  ‘ 

BLOOM.  Although  I  agree  that  it  is  theoretically  possible  to  postulate  an  apsociation  between  the 

Valsalva  manoeuvre  and  vertigo,- in  my  •xpcricaco  with  divers  and  diving  operations  I  have 
not  seen  examples  of  this  association.  In  cany  instances,  divers  who  feel  that  they  must 
frequently  and  vig: rously  employ  the  Valsalva  manoeuvre  arc  anxious  to  a  higher  degree  than 
normal.  Commonly  t  icsa  individuals  arc  predisposed  to  hyperventilation,  a  condition  vuich 
must  also  be  consi-  ered  in  attempting  to  explain  the  associated  vertigo. 

KURSCHXER.  Cau  you  give  me  some  details  on  ocular  disturbances  you  noticed  in  divers  requiring 
decompression  treatment? 

BLOOM.  The  classical  and  commonly  described  ocular  disturbances  associated  with  decompression 

sickness  include  visual  field  cuts, -scotomata  and  nystagmus.  These  arc  considered  serious 
signs  of  decompression  sickness  and  arc  Kbcb  mote  commonly  seen  in  civilian  divers  who 
completely  disregard  proper  decompression'  procedure  tb’n  in  Navy  divers -on  standard  operations. 

BENSON.  In  discussing  vertigo  produced  by  changes  in  ambient  pressure  in  flight  I  think  it  is 

important  to  differentiate  clearly  between  ’'pressure'  or  alternobaric'  vertigo  and  vertigo 
which  is  a  symptom  of  decompression  sickness.  Ppessuto  vertigo  is  commonly  taused  by  the 
sudden  equilibration  of  Diddle  car  pressure  and  a  transient  disturbance  of  the  distribution 
of  cncolymph  within  the  membranous  labyrinth,  the  vertigo  is  normally  of  short  duration  and 
reflect  the  return  of-  a  cupulac  from  a  deflected  to  neutral  ptsition.  The  vertigo  of 
decompression  sickness  is  but  a  symptom,  and  the  associated-  nystagmus  but  a  sign,  of  bubble 
formation  and  impairment  of  blood  supply  to  the  vestibular  apparatus,  vestibular  nerve  or  brain 
stem  nuclei.  It  is  essentially  a  &o?<  sinister  condition  requiring  early  diagnosis  and 
treatment. 


THEORY  OF  DEVELOPMENT  OF  REACTIONS  TO  WHOLE-BODY  MOTION  CONSIDERED.IN  RELATION  TO 
SELECTION,  ASSIGNMENT,  AND  TRAINING  OF  FLIGHT  PERSONNEL 
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A  speculative  theory,  dealing  with  the  development  rf  reactions  to  whole-body  motion,  is  outlined.  Func¬ 
tional  a'uects  of  reaction;  at  several  stages  of  mafuratio  Tre  considered  in  relotion  to  conditioning  mechanisms 
which  ore,  Jn  turn,  related  to  individual  differences  in  development  of  motion  reactivity,  personality,  and  cog¬ 
nitive  function,  (Jnrsiorcl  feedback  resulting  from  passive  motion  is  discussed  in  relation  to  different  control 
tasks  performed  in  difterent  job  assignments  and  in  relation  to  individual  differences  in  reactions  to  motion.  A- 
daptotion  to  the  unuctural  whole-body  movement  of  flight  is  considered  in  this  context  and  in  relation  to  experi¬ 
ments  illustrating  that  substantial  changes  in  reactions  to  motion  can  be  accomplished  through  habituation.  Avi¬ 
ator  selection  tests,  such  as  the  BVDT,  personality  tests,  and  flight  optitude  tests,  and  several  categories  of 
training  are  considered  in  relation  to  the  theoretical  constructs. 

I.  INTRODUCTION 

While  observing  o  large  number  of  individuals  under  unnatural  conditions  of  motion,  one  cannot  ovoid  being  im¬ 
pressed  by  the  range  of  individual  differences  in  immediate,  reactions.  Some  men  enjoy. stimulus  conditions  that  litc-rolly 
incapacitate  other  individuals.  The  unnatural  conditions  of  motion  referred  to  here  do  not  necessarily  involve  high  magni¬ 
tude  accelerative  forces  id  this  inquiry  is  not  concerned  with  the  disruption  of  behavior  or  mental  processes  os  a  result 
of  overwhelming  inertial  forces.  ROt  Vfcr,  it  is  concerned  with  force  end  visual  environments  that  introduce  unnatural  pat¬ 
terns  and  sequences  of  sensory  information  recording  spatial  orientation.  Such  situations  orise  in  oir,  sea,  and  land  trans¬ 
portation. 

In  addition  to  indi-ldur1  difference,  in  immediate  reaction;,  there  are  also  striking  differences  in  long-term  adjust¬ 
ments  to  motion.  For  examp'  .  *  6?>  men  interviewed  in  o  dt^royer  escort  squadron,  13  per  cent  were  hobituolly  seasick, 
10  per  cent  were  often  sick,  "  ~  38  pei  cent  were  oscosionally  sick  (5).  In  the  Pensacola  naval  aviation  training  program 
about  2C  per  cent  of  the  candidates  became  airsick  l  dfhilJ  the  fioi  ten  flights  in  dual-control  training.  Of  these,  obout  3 
per  cent  continue  to  experience  tiekni  ",  pts&Avn  offer  they  move  on  lo  Hie  ^rvini-ra  phase  in  which  they  have  sole  control 
of  the  aircraft.  Aside  from  sickness,  reactor,  fs  unnatural  rrofiurt  eon  influence  other  impo-tont  functions  such  as  fine 
sensory-motor  coordination  in  flight  (2,  p.  11 16-'li20,  3,  4)  The  fact  that  s  observation  of  reactions  to  head 

tilts  during  rotation  at  10  or  15  rpm  can  be  used  to  Cons:dtrr»!y  improve  pro'Jict'ui  of  future  flight  attritions  strongly  sug¬ 
gests  that  these  immediate  reactions  to  motion  hove  fcr-reosliing  significance  '5  u-. 

In  considering  potential  reasons  far  these  pronounced  individual  differences  in  initial  reaction'  and  in  adaptability  to 
motion,  it  is  necessary  to  consider  not  only  the  dynamic  response  of  the  sensory  deteefes  of  motion  but  also  the  m  -arol 
functional  significance  of  controlled  natural  motion  to  the  evolution  and  development  of  mon.  We  are  therefore  faced  with 
the  clcssic  problem  cf  dealing  with  inborn  characteristics  as  well  os  developmental  conditioning.  Man  and  other  animals 
hove  fince  basic-responses  to  imminent  danger:  1)  freezing,  2)  running  cwuy,  oi  »’•?  running  toward  (to  attack!.  Each  of 
these  requires  control  o'  motion  coupled  with  physiological  preparation  for  action,  and  it  is  likely  thof  our  immediate  reac¬ 
tions  to  unnatural  motions  are  to  some  extent  built  in.  On  the  other  hand,  there  is  0  good  cose  for  developmental  condi¬ 
tioning  of  our  reactions  to  motion,  and  it  also  seems  likely  that  some  of  our  reactions  to  .ration  as  oduits  a;o  attributable  to 
early  experiences  at  various  stages  of  development . 

It  is  the  purpose  of  this  paper  to  introduce  a  highly  speculative  theory  in  or.  attempt  coordinate  and  interrelate  a 
number  of  different  lines  of  scientific  inquiry  which  are  relevonf  to  on  understanding  of  the  individual  differences  in  immedi¬ 
ate  reactions  to  motion  ond  of  differing  abilities  to  adjust  to  unnatural  motion.  It  is  believed  thot  on  u:.der.»andi?.g  is  nec¬ 
essary  in  oviotion  medicine  for  such  purposes  os  selectin'  efficient  training  programs,  predicting  with  a  oegree  of  certainty 
thot  o  ground  or  even  o  flight-based  conditioning  progi  •••"»  will  be  affective  in  on  operational  retting,  presenting  mental 
sets  and  conditioning  which  will  offord  protection  ogam*-  -undesirable  motion  effects  without  inducing  undesirable  behavioral 
side  effects,  maximizing  selection  of  those  who  hove  prerequisite  adoptive  potential,  ond  improving  the  effectiveness  of 
flight  simulators  ond  trainers.  Perhaps  of  greater  importance  is  the  fact  tho*  on  improvement  of  our  understanding  of  indi¬ 
vidual  differences  in  emotional  reactivity  ond  in  human  edapfive  mechonisms  is  relevonf  to  most  of  men's  importont  octiv- 
ifies. 

II.  DEVELOPMENT  OF  REACTIONS  TO  MOTION 
A.  Noturol  Passive  Motion 

Accurate  voluntary  motion  is  highly  importont  to  the  survival  of  mon  end  onimals.  However;  eerly  in  life,  whole- 
body  motion  is,  for  the  most  port,  passive.  Prenatal  influence*  on  the  development  of  reactions  to  motion  ore  difficult  to 
assess  because  the  peripheral  ond  central  nervous  systems  ore  under  development.  Although  the  possibility  for  corly  im¬ 
printing  exists  because  of  the  natural  activity  cycles  of  the  mother,  the  potential  influence  of  early  postnatal  events  is 
more  obvious. 

Grocn  (7,8)  has  shown  thot  there  ore  -orderly  vestibular  sensory  messoges  concerning  the  rote  yf  motion  of  birth.  The 
dynamic  characteristics  of  these  sensory-motor  reactions  change  during  the  first  few  postnatal  weeks  in  on  orderly  way. 
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presumably  as  a  result  of  the  developing  central  nervous  system  and  visual  system  which  exert  more  control  over  vestibulur 
afference  and  eye  movements.  Thus,  Infants  moved  early  In  life  have  sensory  Information  which  can  be  associated  with 
other  experiences  related  to  the  movement.  According  to  Smith  and  Smith  (9)  postural  movements  comprise  the  most  prim¬ 
itive  motion  system  in  both  phylogenetic  and  ontogenetic  development.  Controlled  movement  is  one  of  several  criteria  for 
differentiating  plant  and  animal  life.  "The  older  centers  of  the  brain  are  organized  principally  for  regulating  postural 
mechanisms  and  integrating  it  with  respiration  and  other  vital  functions"  (9,  p.  6).  Change  in  orientation  relative  to 
gravity  makes  demands  upon  both  cardiac  output  and  the  skeletal  muscles.  Changes  in  position  ond  in  the  state  of  motion 
influence  respiration,  pooling  of  blood,  and  temperature  control.  Different  octivity  levels  place  varying  demands  on  the 
energy  content  of  the  blood  (cf.  Steele,  in  10). 

Coupled  with  these  considerations  is  the  fact  that  certain  fears  seem  to  be  present  ot  birth;  that  is,  they  are  built  in. 

Far  example,  sudden  lack  of  support  (fear  of  falling)  and  loud  noises  produce  a  clutching  or  grasping  reaction  In  very  young 
children.  It  is  perhaps  very  significant  that  these  startle  reactions  are  reported  by  Grastyan  to  be  very  easily  conditioned 
(1 1,  p.  246-247).  Considering  these  bits  of  information  in  combination,  it  appears  quite  reasonable  that  respiratory,  car¬ 
diovascular,  and  neuromuscular  responses  to  changes  in  position  and  to  motion  develop  not  only  by  inherent  maturational 
processes,  but  that  they  are  also  shaped  by  early  conditioning,  it  is  proposed  that  the  magnitude  of  these  physiological 
counterparts  of  emotion  depend,  at  least  partially,  upon  conditioning  during  the  early  passive  stage  of  motion,  during 
early  ambulatory  activity,  and  during  later  exploratory  behavior.  It  is  also,  of  course,  quite  likely  that  there  ore  inher¬ 
ited  differences  in  reactivity. 

Parental  hcndling  involving  sudden  and  unexpected  changes  in  position  might  condition  in  an  infant  exceptional 
respiratory  and  cardiovascular  responses  to  sensed  motion .  Thus,  sensed  passive  motion  might  be  conditioned  to  produce 
unusual  respiratory,  neuromuscular,  and  cardiovascular  changes  if  a  parent  characteristically  moved  the  child  suddenly 
without  sufficient  warning.  In  oddition,  emotional  reactions  may  be  conditioned  to  sensed  motion  in  other  ways.  Infonts 
are  moved  early  in  l!'e  for  feeding  ond  in  order  to  change  diapers.  A  tense,  harried  mother  may  well  predispose  an  indi¬ 
vidual  toward  later  problems  with  unnatural  motions.  The  focr  of  movement  could  even  generalize  to  a  fear  of  investiga¬ 
tive  activities  and  thus  predispose  a  person  toward  inactivity,  lethargy,  and  low-drive  states. 

In  contrast  to  the  situation  in  which  a  parent  inadvertently  exroses  on  infant  to  numerous  sudden,  unexpected  chonges 
in  position,  let  us  consider  the  converse  situation.  Gentle  handling  in  which  pleasurable  cutaneous  stimuli  signal  the  onset 
of  gentle  motion,  such  cs  in  feeding  accompanied  by  gentle  rocking,  might  well  predispose  an  individual  to  a  quite  dif¬ 
ferent  set  of  reactions  to  passive  motion.  Under  such  circumstances,  the  gentle  warning  permits  anticipation  of  respiratory 
and  cardiovascular  demands  which  are  therefore  not  excessive.  Under  these  circumstances,  efficient  respiratory  ond  cardio¬ 
vascular  reactions  to  passive  motion  could  develop  in  early  life.  Such,  on  individual  exposed  to  unnatural  passive  motion 
at  a  later  date  might  well  prove  to  be  more  adaptable  to  motion  than  is  the  person  who  was  frequently  exposed  early  in  life 
to  sudden  fear-producing  movements.  Is  it  possible  that  some  of  the  differences  among  the  calm,  highly  efficient  person, 
the  highly  energetic,  fairly  efficient  person,  the  hyperkinetic,  inefficient  person  are  partially  determined  by  these  kinds 
of  differences  in  developmental  conditioning? 

Also  relevant  to  considerations  of  the  passive-motion  stage  of  development  is  the  fact  that  Navajo  infants  reared  on 
cradle  boards,  with  little  opportunity  to  exercise  their  legs,  wolk  as  early  as  do  Navajo  infants  reared  with  foil  opportuni¬ 
ty  to  use  their  limbs.  In  contrast  to  this,  orphanage  infants  who  were  cared  for  in  regard  to  feeding,  sanitation,  adequate 
lighting,  and  ventilation  but  who  were  not  moved  about  were  retarded  in  regard  to  locomotor  development  and  several  tests 
of  eajly  intellectual  function.  Despite  signs  of  later  maturational  recovery,  the  potential  influence  of  early  conditioning 
on  a  variety  of  functions  is  suggested  (cf,  12,  p.  60-64). 

B.  Early  Voluntary  Whole-Body  Movement 

With  further  maturation,  voluntary  movement  becomes  more  end  more  a  natural  octivity.  If  is  perhaps  significant 
thot  2-year-old  children  recognize  a  triangle  that  has  been  rotated  through  120  deg  from  the  training  position  only  after  a 
head  rotation,  wh  ireas  older  human  subjects  do  not  need  to  moke  the  heed  rotation  to  recognize  the  figure  in  the  two  posi¬ 
tions  (13,  p.  346).  Although  there  is  some  evidence  thot  spatial  abilities  ore  a  sex-linked  recessive  inherited  trait  (14), 
there  is  also  considerable  evidence  that  developmental  conditioning  involving  motor  control  of  the  heod  and  body  wili  have 
a  considerable  influence  on  the  development  of  spatial  and  numerical  abilities  in  children.  Orienting  or  pointing  toward 
something  desirtd  is  an  early  form  of  communication  involving  spatial  localization. 

Things  heard  become  things  to  look  at;  things  soen  become  things  to  grasp;  things  grasped  become 
things  to  suck,  etc.  lathe  course  of  such  coordination,  inputs  from  the  distance  receptors,  and 
especially  the  eyes,  acquire  control  over  motor  activities.  Intentions  emerge,  means  ore  dis¬ 
tinguished  from  ends,  interest  in  activities  ond  in  objects  develops,  and  behavior  becomes  mere 
and  more  variable  end  adaptive.  All  this  happens  presumably  as  central  processes  become  coor¬ 
dinated  ond  rediffcrent rated.  The  sensorimotor  period  ends  when  the  child  is  obout  18  months 
oid  and  the  sensorimotor  schemata  ond  imitotiens  begin  to  become  internalized  as  images.  During 
this  some  sensorimotor  period  of  18  months,  objects  ocquire  permonence  whiie  causality,  space, 
ond  time  become  objective.  (From  Hunt,  12,  p.  354,  In  his  discussion  of  some  of  Piogef  '$  concepts) 

It  is  reasonable  to  suspect  thot  any  or  oil  of  these  developmental  activities  may  be  effected  if  exceptional  emotional  responses 
ore  connected  with  movement;  in  other  words,  if  the  child  is  afraid  of  movement.  Smith  ond  Smith  (9,  p.  284-291)  hove 
shown  thot  cssociotion  between  voluntary  oets  ond  control  of  passive  motion  con  be  learned  in  quite  young-children.  Inter¬ 
estingly,  these  children  sfo> — <  a  variety  of  emotionol  reactions,  including  some  extreme  ones,  to  possive  motion. 

Early  attempts  ot  v  -  -'ing  ond  walking  ers  inefficient,  with  mistakes  resulting  in  occasional  punishment  from  foiling. 


Rewards  occur  as  goals  are  achieved,  and  secondary  reinforcements  to  rewards  come  from  the  reactions  of  parents  when  the 
motion  is  successful  or  desirable.  During  this  period,  associations  begin  to  develop  between  intention,  voluntary  initia¬ 
tion  of  motor  acts,  and  feedback  from  the  senses  pertaining  to  perceived  space  and  movement  relative  to  distant  objects. 

As  these  transport  movements  continue  to  develop,  the  potential  of  conditioning  or  imprinting,  and  there  is  a  narrow 
distinction  here  (1 1,  p.  91-92),  remains.  Transport  movement  sometimes  elicits  violent  reactions  from  parents  when,  for 
example,  a  valued  object  is  broken  by  the  infant.  In  such  cases,  loud  vocalizations  from  the  parent  which  are  fear  inducing, 
violent  repositioning  which  Is  fear  inducing,  and  physical  punishment  which  is  fear  inducing,  sometimes  result  from  the 
transport  movement.  The  vagaries  of  early  life  moy  well  condition  emotion  and  anxiety  to  voluntary  motion.  The  initia¬ 
tion  of  motion  in  response  to  external  stimuli  or  in  the  exploration  of  the  external  world  is  an  early  form  of  planning  and 
communication  with  the  external  world .  The  images  of  the  consequences  of  behavior  ore  under  development  (15, 16).  The 
natural  feedback  resulting  from  motion,  and  the  external  feedback  imposed  by  parents  or  by  accidents  together  influence 
image  development,  volition,  and  other  cognitive  functions.  Relations  between  speech  and  control  of  motion  undergo  a 
developmental  sequence  in  which  the  child  responds  to  simple  commands,  then  initiates  movement  by  his  own  speech,  and 
as  skill  is  developed,  performs  in  silence  (cf.  15-18). 

Abnormally  high  cardiovascular  reactions  associated  with  motion  may  even  reduce  ability  to  learn  as  exploratory 
behavior  develops.  Dicara,  Weisj,  and  Miller  (19)  have  reported  that  conditioned  heart  rate  affects  teaming  in  onimols, 
high  rates  adversely  and  low  rates  favorably.  It  has  been  shown  (19-21)  that  man  can  learn  to  control  heart  rates,  and  the 
training  to  reduce  heart  rote  appears  to  reduce  emotionality  as  well  (19).  In  other  words,  it  appears  thet  it  is  possible  to 
condition  in  some  individuals  voluntary  control  of  a  number  of  physiological  activities  ordinarily  believed  to  be  not  subject 
to  voluntary  control  (21).  Kimble  and  Perlmuter  (15)  have-  suggested,  and  hove  giv3n  evidence  in  support  of  the  suggestion, 
that  the  acquisition  of  control  over  involuntary  processes  is  always  accomplished  with  the  aid  of  supporting  responses  al¬ 
ready  under  voluntary  control .  Such  training  might  well  prove  effective  in  adapting  individuals  to  stress  situations  in  gen¬ 
eral,  and  to  motion  stress  'in  particular.  Equally  relevant  is  the  fact  that  these  reactions  are  subject  to  conditioning  late 
in  life,  and  therefore  it  is  quite  reasonable  to  assume  that  they  are  also  shaped  by  conditioning  early  in  life.  In  this  con¬ 
nection  Rogov  (22,  p.  84)  has  shown  that  vaso-reaetions  are  more  easily  conditioned  in  3-  to  5-year-old  children  than  in 
8- to  10-year-o!d  children. 

As  maturation  progresses,  the  matching  of  sensory  feedback  with  expected  feedback  is  part  of  a  learning  process 
which  reduces  unnecessary  muscular  effort  and  produces  more  efficient  movement.  Piaget  has  described  tendencies  for 
children  to  practice  particular  sensory-motor  skills  with  much  evidence  of  pleasure  and  then  to  stop  when  the  skill  is  mas¬ 
tered  (12,  p,  176-179).  An  early  experiment  of  Davis  is  relevant  to  the  increased  efficiency  of  skillful  performance.  In 
a  simple  weightlifting  task  in  which  children  and  adults  were  compared,  Davis  found  that  the  most  important  difference 
between  the  odulf  and  the  child  was  the  type  of  distribution  of  muscular  activity  in  the  two  groups.  In  adults,  muscular 
activity  was  more  restricted  to  the  responding  orm  than  in  children  who  showed  more  generalized  muscular  activity.  Davis 
suggested  thot  the  acquisition  of  voluntary  control  is  a  part  of  the  moss  action-differentiation  sequence  (15,  p.  373-374). 

With  further  maturation,  route-finding  and  returning  home  become  a  necessary  part  of  life.  Although  there  is  a  con¬ 
siderable  evidence  that  framing  and  migratory  activities  of  some  species  seem  to  be  built  in,  i.e.,  are  instinctual  (23), 
there  is  also  the  distinct  possibility  that  training  along  the  way  con  exert  control  over  this  behavior  in  all  species,  especial¬ 
ly  those  ir.  which  homing  behavior  is  not  so  clearly  inherent.  Early  experiences  could  affect  route-finding  and  homing 
activity,  the  extent  to  which  it  is  attempted  and  if  attempted,  the  rate  at  which  it  is  leomed.  Excessive  emotional  over¬ 
lay  possibly  reduces  both  the  exploration  ond  the  learning. 

The  development  of  the  route-finding  ability  seems  to  involve  the  nondominant  parietal  lobe  in  man  (24).  Individuals 
without  vestibular  function  are  unable  to  retraverse  different  paths  while  blindfolded,  whereos  individuals  with  vestibulor 
function  show  good  accuracy  in  this  activity  (24,25).  Thus,  in  normal  states  the  visual  and  vestibulor  systems  work  together 
in  the  development  cf  comprehension  of  spatial  coordinates  (24).  Individuals  with  lesions  of  the  nondominant  parietal  lobe 
but  with  intact  vestibular  organs  ore  unable  to  refroverse  paths  normally  even  with  the  aid  of  vision  (24).  According  to 
Luria,  "Disturbances  of  the  lower  parietal  lobe  (eorticol  basis  of  spatial  analysis  ond  synthesis)  lead  to  a  loss  of  spatial 
orientation  ond  the  ability  to  count  ond  comprehend  complex  grammatical  constructions.  This  means  that  these  three  dif¬ 
ferent  behaviors  are  all  based  on  o  single  factor  -  simultaneous  spatial  analysis  "  (26,  p.  90).  Thus  it  is  possible  thot  a 
severe  curtailment  of  this  stage  of  development  by  parental  restrictions  or  other  extemol  ogencies  rould  influence  develop¬ 
ment  of  o  voriety  of  important  mental  functions.  If  is  perhaps  quite  significant  thot  paper  ond  pencil  tests  of  spotiol  rela¬ 
tions  have  been  for  years  one  of  the  better  predictors  of  the  success  of  novol  flight  training  (27). 

C.  Mature  Voluntary  Whole-Body  Movement 

At  maturity,  orderly  sequences  of  sensory  messoges  occur  as  o  consequence  of  eoch  voluntary  movement,  but  they  ore 
not  necessarily  consciously  perceived.  Movement  involves  messoges  from  the  eyes,  the  auditory  ord  nonoudifory  lobyrinths, 
the  muscles  ond  joints,  which  occur  in  set  contemporaneous  ond  sequential  potfems.  These  messoges  contribute  to  the  coor¬ 
dination  of  complex  movements  ond  activities.  The  use  of  this  feedback  without  our  conscious  awareness  seems  to  be  cmply 
demonstrated  by  the  'surprise'  of  subjects  when  they  first  porfieipote  in  experiments  which  involve  deloyed  feedbock. 

The  effect  of  deloyed  ouditory  feedbock  on  speech  is  o  well-known  phenomenon,  but  deloyed  visuol  feedbock  with 
concurrent  performance  also  produces  severe  disJurbonce  in  regulation  of  mo.ements  (9).  One  of  the  effects  of  deloyed 
visual  feedback  is  to  produce  o  repetitious  movement  comparable  to  the  ortificiol  stutter  in  speech  produced  by  deloyed 
auditory  feedbock .  Emotional  disturbance  ond  frustration  produced  by  sbort-infervol  delay  ore  reported  by  Smith  and  Smith 
(9)  to  be  even  worse  than  the  effects  of  most  geometric  displacement.  "These  effects  range  from  minor  emofionol  disturbance 
ond  frustration  *n  rough  dizziness,  giddiness,  faintness  to  nausea  ond  illness  "  (9,  p.  109).  They  report  that  gross  anxiety 
ond  depression  ore  rot  uncommon  among  subjects  who  fry  to  wear  inverting  lenses  which  reverse  objects  for  even  o  short 
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period  of  time . 

Thus,  with  maturity  and  practice  movements  which  were  previously  accomplished  with  generalized  muscular  exer¬ 
tion  and  direct  attention  have  become  differentiated  and  only  those  components  necessary  to  efficient  automatic  function 
remain.  As  much  as  possible,  responses  which  con  proceed  without  copiousness  recede  from  consciousness  (15,  p.  3/3- 
377).  The  process  of  correcting  a  faulty  golf  swing  in  a  skilled  golfer  involves  reviewing  ail  those  various  aspects  of  the 
response  which  have  receded  from  consciousness  to  detect  a  faulty  component.  A  comparable  degree  of  skill  is  possessed 
by  most  of  us  in  walking  and  running,  et  cetera,  and  we  expect  our  voluntary  commands  to  movement  fa  accomplish  some 
end  result  without  our  having  to  consciously  check  feedback  on  each  component  of  movement.  In  long  continued  motion 
such  os  running,  periodic  repetitive  patterns  are  set  up  by  the  inner  ear  organs,  the  joints  and  muscles,  with  the  eyes  fore¬ 
telling  necessary  alterations  to  maintain  efficient  rhythmic  motion  in  which  muscles  work  synergistically .  In  some  animals 
while  running  over  rough  terrain,  the  head  is  amazingly  well  stabilized.  The  periodicity  of  foot  impact  with  the  Earth  is 
probably  stored  on  o  short-term  basis  to  aid  in  the  rhythmic  motion  and  in  the  rhythmic  demands  on  the  muscular,  cardio¬ 
vascular,  and  respiratory  systems.  Thus  a  temporary  neural  copy  of  rhythm  may  be  o  form  of  quick  adaptation  necessary  to 
efficient  coordinated  movement  in  which  rhythmic  demands  are  met  with  efficiency  to  steody  the  head  and  to  reduce-  fn- 
figue.  If  so,  the  saccular  organ  may  provide  an  important  input  to  brain  centers  apparently  involved  in  rhythm  cop/  (17). 

von  Holst  (in  13,  p.  497)  has  introduced  terms  that  ore  now  becoming  commonly  used  in  discussing  voluntary  move¬ 
ment  arid  the  effects  of  unnatural  sensory  feedback  occasioned  by  the  movement .  He  distinguishes  among  exofference, 
reofference,  and  efference.  Exofference  refers  to  all  sensory  messages  initiated  by  the  external  environment,  whereas 
reafference  refers  to  afferent  information  produced  by  muscular  activity  initiated  by  the  individual.  Thus  exofference  is 
independent  of  motor  impulses,  whereas  reofference  Is  a  term  reserved  for  sensory  activity  that  arises  as  a  result  of  motor 
actions,  von  Holst  assumes  that  the  voluntary  command  (cf.  Greenwald,  16)  to  commit  an  act,  in  addition  to  sending 
motor  impulses  that  initiate  the  muscular  movement,  also  sets  up  somewhere  in  the  nervous  system  what  he  colls  an  effer  • 
ence  copy.  Thus,  the  voluntary  initiation  of  an  action  sets  up  an  efference  copy  (image),  and  the  reafference  resulting 
from  this  movement  is  compared  with  this  efference  copy.  With  ihese  concepts,  it  is  possible  to  explain  o  number  of  ex¬ 
perimental  facts  that  shew  we  have  impressive  ability  to  distinguish  motion  of  the  environment  from  our  own  motion  (cf.  13, 
p.  497-504).  For  excmple.  In  voluntary  movement  of  the  eye,  we  do  not  see  the  environment  move,  clthough  images  track 
over  the  retina  as  though  the  environment  has  moved.  lh»  voluntary  eye  movement  is  presumed  to  set  up  on  efference  copy, 
and  the  reafference  from  the  retina  matches  this  efference  copy,  nullifying  it,  and  signifying  that  the  surroundings  have 
not  moved.  If  the  eye  muscles  are  narcotized  and  the  voluntary  attempt  is  made  to  move  the  eyes,  a  different  situation 
results;  in  this  case,  there  is  an  efference  copy  but  no  moving  retinal  images,  since  no  eye  movement  has  occurred.  Under 
these  circumstances,  according  to  the  von  Holst  theory,  the  environment  should  appear  to  move  in  the  direction  of  the  vol¬ 
untary  effort  to  move  the  eyes.  This  is  in  fact  what  happens.  The  phenomenon  called  micropsia  when  the  accommodative 
mechonism  is  narcotized  can  be  similarly  predicted,  von  Holst,  of  course,  was  anticipated  by  James  (28),  Mach  (29),  and 
others  in  consideration  of  volition  and  "images"  set  up  by  voluntary  acts;  but  his  work  has  served  well  to  extend  and  reacti¬ 
vate  some  old  ideas. 

The  point  is  that  in  the  mature  individual,  motion  is  typically  initiated  voluntarily.  The  sensory  feedback  or  reoffer¬ 
ence  is  compared  in  some  way  with  expected  return  patterns,  but  this  is  largely  on  the  subconscious  level  in  natural  move¬ 
ments.  Thus,  many  sequences  of  actions  fake  place  without  any  attention  to  components  until  some  breakdown  occurs.  In 
this  case,  attention  is  directed  to  the  action  and  a  correction  is  mode. 


In  the  pursued  or  pursuing  animal  or  man,  a  mistake  or  breakdown  in  coordination  con  cause  injury,  loss  of  food,  or 
other  severe  embarrassment,  an-J  the  process  of  recovery  from  a  misstep  may  require  quick  emergency  reactions.  In  modem 
man  highly  skillful  motion  is  frequently  required  in  competitive  sports  activities.  Here  failure  moy  produce  physicol  injury, 
a  sense  of  failure,  or  "success  may  produce  jonfidence."  individuals  may  seek  aviation  training  to  extend  their  Jxploi'r  ■ 
tions  of  "good  coordination"  or  to  moke  up  for  failures.  Thus,  a  breakdown  in  complex  potte  -s  or  well-'camed  voluntary 
movement  may  be  responded  to  with  emotional  and  neurovegetative  overtones  dependent  upon  innate  mechanisms  os  well  as 
upon  associations  between  control  of  movement  and  emotion  developed  over  the  years.  In  the  context  of  these  considera¬ 
tions  about  how  our  reactions  to  motion  may  develop,  let  us  consider  some  r.f  the  situations  to  which  man  is  exposed  .-/hen 
he  is  required  to  perform  on  an  unstable  motion  base. 

HI.  INTERRELATIONS  8ETWEEN  REQUIRED  PERFORMANCE  AND  REACTIONS  TO  UNNATURAL  WHOLE-BODY  MOTION 
A.  Unnatural  Passive  Motion:  Passenger  Inactive 


Examples  of  the  condition  under  consideration  in  this  section  ore  passengers  in  any  moving  vehicle  who  are  motion¬ 
less  relative  to  the  vehicle  and  who  are  also  not  in  control  of  the  vehicle.  Whof  ore  some  of  the  reactions,  and  what  ore 
some  of  the  factors  that  control  these  reactions?  Reactions  may  include  perception  of  movement;  eye,  head,  body,  and  limb 
compensatory  movements;  changes  in  respiration;  sweating;  pallor;  fear;  drowsiness;  depression;  nausea;  ond  vomiting.  Con¬ 
tributing  to  such  reactions  ore  the  individual  sensory  detectors  of  motion  ond  their  dynamic  response  to  the  motion  condition, 
the  sequential  ond  concomitant  pattern  of  sensory  inputs  from  various  sensory  channels,  the  previous  exposure  to  similar  mo¬ 
tion  stimuli,  the  assessment  of  the  current  situation,  the  individual's  reactions  to  motion  stress  in  pcrticuior,  and  perhops  the 
individual's  reoction  to  stress  in  general . 

The  dynomic  response  of  individual  sensory  detectors  is  clearly  important  here.  The  motion  must  hove  characteristics 
thot  simulate  the  sensory  detectors  or  typically  no  reoction  will  occur.  For  example,  high-mognitude  linear  velocity  will 
not  elicit  a  reaction  if  the  man  is  encapsulated  and  cannot  see  relotive  motion  between  himself  ond  some  other  reference 
system.  When  stimuli  are  adequate,  then  patterning  of  sensory  inputs  and  intensity  of  inputs  from  individual  channels  become 
critical.  If  the  patterns  of  individual  Intensities  have  been  frequently  experienced  without  previous  emotion-evoking  associ¬ 
ations,  then  on  orienting  reaction  (attention  or  inspection)  may  occur  initially,  and  after  a  few  repetitions,  most  of  the 


A 13-5 


unnecessary  aspects  of  the  response  moy  drop  out,  and  the  necessary  responses  may  soon  become  subconscious  if  they  were 
not  so  initially.  What  is  necessary  are  those  response  patterns  that  tend  to  keep  the  body  sufficiently  stable  relative  to  the 
moving  platform  to  avoid  injury  or  threat  of  injury,  i.e.,  to  provide  a  feeling  of  security,  ond  these  compensatory  reactions 
are  not  tyoicolly  consciously  perceived. 

Patterns  of  input  thct  evoke  emotional  reactions  can  be  quite  subtle.  A  gentle  rocking  motion  may  be  quite  soothing 
and  moy  even  be  soporific  if  a  person  is  on  a  swing  or  ship.  However,  exactly  the  same  rocking  motion  may  elicit  intense 
adverse  emotional  responses  if  the  person  is  in  o  hotel  and  hos  recently  encountered  on  earthquake.  Thus  even  in  passive 
involuntary  motion,  the  total  reaction  to  the  sensory  input  it  produces  depends  upon  the  expectation  of  that  input  pattern 
in  the  context  of  the  particular  environment  as  well  as  upon  the  frequency  and  quality  of  previous  experience  with  the  par¬ 
ticular  motion  pattern.  Input  patterns  and  sequences  are  compared  with  expected  inputs,  which  depend  upon  the  individu¬ 
al's  assessment  of  his  current  situation  as  well  as  upon  his  previous  experience  with  similar  motions. 

Assessment  of  the  current  situation  can  also  influence  the  perception  of  motion  in  addition  to  influencing  the  immedi¬ 
ate  emotional  consequences.  For  example,  people  encapsulated  in  a  lighted  room  which  is  known  to  be  capable  of  rotation 
about  an  Earth-vertical  axis  frequently  report  commencement  of  rotation  before  rotation  commences.  These  reports  involve 
no  sign  of  emotion.  On  the  other  hand,  such  subjective  experiences  rarely  occur  in  an  enclosed  room  which  is  known  to  ce 
firmly  fixed  to  the  Earth,  and  when  they  do  occur  under  these  circumstances,  they  they  are  usually  accompanied  by  emo¬ 
tional  reactions.  One  important  part  of  the  treatment  for  Meniere's  disease  is  to  alleviate  the  emotional  concern  brought 
on  by  the  experience  of  motion  (30). 

A  passive  motion  may  initiate  sensory  inputs  that  call  for  mutually  antagonistic  motor  reactions.  For  example,  a 
sinusoidal  angular  oscillation  of  sufficiently  low  frequency  produces  a  semicircular  canal  response  that  can  be  phase  ad¬ 
vanced  relative  to  the  stimulus  by  as  much  as  2  seconds,  depending  upon  frequency  of  oscillation.  In  a  recent  experiment 
(31),  severe  problems  with  motion  sickness  were  encountered  during  sinusoidal  oscillation  about  an  Earth-vertical  axis  when 
the  vertical  canals  were  stimulated,  but  not  when  the  horizontal  canals  were  stimulated.  The  phase  advance  of  the  vertical 
canal  response  is  about  twice  that  of  tl.e  horizontal  canal  response  in  man  at  the  stimulus  frequency  used  (0.04  Hz).  The 
point  of  reversal  of  rotation  (endpoint)  is  confusing  with  this  oscillatory  stimulus  because  the  subjective  velocity  and  sub¬ 
jective  displacement  sensations  seem  to  be  out  of  phase.  Inis  probably  is  caused  by  phase  differences  among  various  sen¬ 
sory  detectors  of  motion.  Mach  (29)  proposed  that  such  phuse  differences  might  account  for  some  motion  sickness  and  he 
wos  probably  right.  When  the  endpoint  of  yawing,  railing,  or  pitching,  as  detected  by  this  sensory  system,  precedes  the 
actual  endpoint  by  as  much  as  2  seconds,  while  other  sensory  Input  sources  with  different  dynamic  characteristics  indicate 
fuming  points  at  other  points  in  time,  then  there  are  demands  for  preparatory  bodily  adjustments  at  different  points  in  time 
which  require  an  adoptive  change  in  the  central  nervous  system.  If  external  visual  reference  is  excluded,  then  the  absence 
of  this  natural  source  for  initiating  anticipatory  adjustments  to  upcoming  demands  for  whole-bcdy  responses  places  an  addi¬ 
tional  handicap  on  the  central  adaptive  mechanism.  Thus  with  whole-body  motion  In  which  man  is  an  inactive  passenger  in 
a  moving  structure,  the  emotional  consequences  depend  upon  the  immediate  assessment  of  the  current  situation,  the  dis¬ 
cordance  of  sensory  inputs,  previous  experience  with  the  motion,  and  developmental  conditioning.  The  assessment  con 
make  the  difference  between  olmoif  no  reaction  and  an  extreme  emotional  reaction  to  motions  that  are,  in  essence,  benign. 
Other  motions,  however,  may  introduce  a  discordance  of  sensory  inputs.  The  discordance  is  determined  by  the  dynamic 
response  of  sensory  systems  to  the  motion  stimulus.  In  the  example  given,  different  sensory  phase  relations  to  o  simp'e  sinus¬ 
oidal  stimulus  led  to  the  discordance.  Such  discordance  would  be  frequency  dependent,  and  probably  not  very  great  except 
at  certain  frequencies  where  phase  mismatches  are  especially  prominent.  This  should  vary  somewhat  between  subjects  be¬ 
cause  there  are  pronounced  individual  deferences  in  parameters  of  vestibular  response  systems  (32,33)  and  it  also  would 
vary,  depending  upon  the  canal  system  stimulated.  If  is  important  to  note  that  these  mismatches  in  timing  are  closely  anal¬ 
ogous  to  deiayed  visual  or  auditory  feedback  experiments  (9,  p.  291),  except  that  in  this  particular  example  the  action 
was  not  voluntarily  initiated. 

For  more  complex  passive  motions,  discordance  can  be  more  than  a  phase  mismatch  in  which  essentially  the  same  reac¬ 
tion  is  required  with  only  a  mix-up  in  its  timing;  if  can  be  a  discordance  in  which  reactions  in  different  spatial  planes  are 
called  for  at  the  some  time.  It  is  then  analogous  to  the  geometric  displacement  experiments  (see  reviews  in  13 , 3*).  The 
magnitude  of  a  planar  mismatch  presumably  would  depend  upon  both  the  magnitude  of  the  planar  angles  ond  the  magnitude 
cf  the  individual  sensory  signals  indicating  the  planes  (cf.  Gucdry  in  10).  These  forms  of  mutuolly  incompatible  seiwory 
messages  are  presumed  to  evoke  immediate  limbic  system  reactions  due  to  their  novel  nature.  When  the  mismatching  signals 
are  sufficiently  strong,  they  will  evoke  immediate  emotional  reactions  independent  of  the  assessment  of  the  current  situa¬ 
tion  because  the  reaction  incompatibility  per  sc  represents  an  emergency  condition  without  the  requirement  for  additional 
comparison  with  stored  information. 

The  magnitude  of  the  immediate  emotional  reactions,  however,  would  depend  upon  the  general  anxiety  state  of  the 
individual  ond  also  upon  past  associations,  throughout  his  development,  with  motion  stimuli  in  general  ond  with  similar  un¬ 
natural  motion  stimuli  in  particular.  Ability  ro  adjust  to  such  stimuli  moy  be  inversely  related  to  the  degree  of  the  emotion¬ 
al  recction.  If  is  important  to  note  fhot  many  of  the  conflictua!  sensory  inputs  referred  to  here  are  not  consciously  sensed 
as  conflicts,  for  the  vestibular  sensory  system  is  normally  a  silent  partner  in  coordinated  movement.  Thus,  perception  of 
the  vestibular  inputs  in  these  conflictual  situations  may  be  described  as  "confusion”  or  os  a  '  funny  feciing"  and  not  r-s  a 
clear,  conscious  perception  of  moving  in  two  different  directions  at  the  some  time. 

Passive  motion  with  the  man  continually  incc.Ivc  is  not  a  typical  stote  for  most  passengers  or  crewmen  in  various  modes 
of  transportation.  If  the  person  were  completely  passive,  the  situation  would  not  involve  those  inferred  processes  of  volun¬ 
tary  behavior  which  von  Holst  refers  to  as  the  matching  of  reoffertnee  and  efferencc  ccpy ,  For  this  reason,  prolonged  ex¬ 
posure  ond  adaptation  to  motion  in  this  way  may  transfer  only  minimally  to  situations  in  which  comparable  sensory  input;  ore 
coupled  with  voluntary  movement.  However,  it  is  to  be  noted  that  if  passive  motions  ore  sufficiently  periodic  or  predict¬ 
ably  repetitive,  then  a  certain  amount  of  anticipation  may  develop  and  permit  anticipated  sensory  patterns  to  be  compared 
with  sensory  inflow.  If  the  subject  has  externe!  visual  reference,  cs  does  the  transported  Navajo  child  ( 12,  p.  60),  then 
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opportunity  to  compare  inertial  sensory  data  with  veridical  visual  reference  would  be  o  ‘gmented.  This  could  improve  the 
immediate  reaction  (by  improving  accurate  anticipation  and  reducing  inefficient  preparatory  responses),  improve  the  obil- 
ity  to  adjust,  and  perhaps  afford  some  favorable  transfer  effects  ro  other  conditions  of  motion. 

B.  Unnatural  Passive  Motion;  Passenger  Active 

This  section  deals  with  reactions  of  passengers  actively  moving  about  in  a  vehicle  that  they  are  not  controlling.  Ex¬ 
amples  uiciude  active  passengers  or  crew  members  on  board  ships  at  sea,  aircraft  in  flight,  rotating  space  stotion  simulators, 
et  cetera.. 

As  hrdica'ed  earlier,  during  voluntary  movement  in  a  natural  environment,  highly  ordered  contemporaneous  and 
sequeitifl!  parsio.ms  of  sensory  messages  occur  os  o  consequence  of  voluntary  movement.  The  orderly  patterning  is  deter¬ 
mined  by  Tno  sensitivity  and  dynamics  of  the  sensory  movement  detectors  themselves.  Sensory  information  about  relative 
position  and  velocity  of  the  limbs  and  about  the  position  and  movement  of  the  whole  body  relotive  to  the  Earth  is  available 
consciously,  and  thus  normally  monitored  for  reliability  checks  os  motion  progresses.  However,  these  cheeks  ora  typically 
so  automatic  thot  we  are  not  consciously  aware  of  their  use  until  or.  error  in  movement  is  actuoliy  perceived.  Small  errors 
ore  typically  corrected  without  conscious  awareness  of  the  correction  in  the  process  of  approaching  o  gool . 

Thus  voluntary  movement  on  a  moving  platform  infroduc~s  a  new  consideration.  Initiation  of  a  voluntary  motion  sets 
up  an  image  (efference  copy)  of  expected  upcoming  afferent  patterns  (reafference).  Because  of  the  moving  platform,  the 
reafference  received  from  vestibular  and  proprioceptor  systems  os  the  movement  progresses  may  not  match  the  efference  copy 
at  oil .  The  highly  conditioned  expected  sequence  of  events  does  not  take  place,  at  least  os  indicated  by  some  of  the  af¬ 
ferent  data  produced  by  the  motion.  These  navel  (strange)  patterns  are  especially  ot  variance  with  expected  feedback  in 
the  obsence  of  extemol  visual  reference  (information  on  relotive  movement  between  plotform  and  Earth)  which,  when  avail¬ 
able,  con  revise  initicl  expectations  at  the  outset  or  cs  motion  progresses.  This,  then,  is  on  additional  challenge  to.thot 
produced  by  passive  nonvoluntary  motion  because  the  cbility  to  carry  out  o  voluntary  action  is  threatened.  In  contrast,  o 
mon  tilted  passively  on  a  rotating  platform  would  hove  some  conflict  between  otolith  and  canois  in  the  obsence  of  vision: 
with  visibility  of  the  internal  capsule,  he  hos  conflict  between  vision  end  the  semicircular  canals.  With  voluntary  head 
movement,  he  has  conflict  between  efference  copy  and  semicircular  canal  data  whether  vision  is  present  or  not. 

"Behavior  is  3uch  os  to  bring  the  expected  future  condition  of  the  organism  into  congruence  with  the  desired  condi¬ 
tion  u  (Gerard,  in  11),  and  this  has  beer,  challenged.  Competence  to  sustain  efficient  voluntary  movement  within  the  spa¬ 
tial  environment  is  an  ability  that  can  ba  critical  So  survival  of  all  higher  forms  of  life,  even  including  modem  mon  with 
his  many  means  of  transportation .  The  magnitude  of  the  adaptation  problem  faced  by  the  man  in  this  situation  depends  upon 
the  motion  characteristics  of  the  platform,  their  consistency,  the  tasks  he  is  attempting  to  carry  out,  and  his  developmental 
conditioning. 

His  emotional  reaction  to  the  situation  would  be  influenced  by  the  some  factors  that  control  emotionol  reaction  in 
the  passive  situation,  but  it  would  be  additionally  influenced  by  his  developmental  conditioning  in  relation  to  achievement 
cf  gctals,  since  in  this  cose  the  motion  is  voluntarily  initiated  and  on  end  result  is  expected.  Thot  motivation  and  drive 
states  are  adversely  influenced  in  mony  individuals  under  these  circumstances  has  beer,  frequently  indicated  (cf.  35).  As 
reported  by  3rurier  in  his  interview  with  personnel  of  o  destroyer  escort  squadron  (1),  the  primary  operational  hazard  of 
this  condition  does  no*  come  os  much  from  vomiting  os  from  the  fact  thot  early  in  the  syndrome,  attitude  toward  work  be¬ 
comes  negative,  drowsiness  sets  in,  and  vigilance  ond  individual  initiative  ore  degraded. 

C .  unnatural  Motion:  Actively  Controlled 

Pilots  of  modem  means  of  transportation  such  os  aircraft  voluntarily  expose  themselves  to  highly  unnatural  motions. 

The  sensory  feedback  generated  by  maneuvers  in  aircraft  and  other  vehicles  may  f  ive  any  of  the  several  forms  of  discordance 
indicated  in  the  preceding  sections. 

There  are  a  number  of  differences  between  this  situation  ond  thot  in  the  preceding  section.  First,  the  pilot  is  exposed 
to  certain  amounts  of  passive  motion  by  virtue  of  turbulence,  but  he  does  hove  the  option  of  responding  to  this  passive  motion 
ond  initiating  voluntary  compensatory  actions  which  change  the  stimulus  itself.  In  initiating  o  maneuver  voluntarily,  he 
anticipates  feedback  ond  he  eventually  establishes  an  acceptance  zone;  i.e.,  o  range  of  acceptable  deviations  from  the 
exact  expected  result .  He  is  provided  a  set  of  odditionol  sensors,  fliglit  instruments,  with  which  to  check  his  orientation 
ond  state  of  motion.  The  highly  experienced  pilot  moy  nor  hove  on  immediate  awareness  of  his  anticipation  of  the  results 
of  his  control  octicns  until  unexpected  sensory  feedback  occurs,  but  then  he  is  keenly  cwore  of  ony  discrepancy  between 
his  expectations,  his  immediate  perception,  ond  his  flight  instruments.  With  sufficient  experience  he  adopt;  to  the  discord 
among  vorious  sensory-motion  detectors,  and  he  looms  ‘hot  certain  mismatches  between  his  immediate  perceptions  ond  his 
instruments  ore  desirable,  but  when  this  new  state  of  normality  hos  developed,  he  cannot  afford  an  additional  level  of 
adaptation.  Perhops  the  most  important  differences  between  the  pilot  and  the  crew-  is  that  the  competence  of  the  former’s 
decisions  ond  control  octions  ore  crucial  to  his  survival,  and  he  knows  this.  Thus,  the  difference  between  the  pilot  ond 
the  crew  is  in  some  respects  compcroble  to  the  difference  between  Brody's  executive  and  nonexecutive  performers  (36). 

The  adaption  problem  for  the  pilot1!  job  should  rot  be  regarded  os  necessarily  more  demanding  than  thot  of  the  crew,  but 
it  is  different  ond  moy  require  personality  differences.  The  crew  hos  the  odvantege  thot  the  decisions  cn  immediote  control 
of  the  aircraft  are  not  required,  but  they  con  oniy  indirectly  anticipate  motions  or  initiate  protective  reactions.  The  pilot 
hos  the  advantage  thot  he  can  anticipate  motion  ond  take  octions  thot  alter  the  stotc  of  motion.  He  hos  the  disodvorttogc  of 
o  seme  of  responsibility  for  his  octions  ond  con  build  up  on  onxicty  connected  with  his  competence  to  meet  the  demand. 

It  is  reasonable  to  believe  that  jhe  limbic  system,  which  integrates  disparate  functions  into  on  orderly  whole  (37, 
p.  135),  which  is  involved  in  laying  down  ncurcl  traces  of  the  contingency  of  relationship  between  one  stimulus  ond  another. 
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which  is  involved  In  ascertaining  novel  stimuli  and  which  is  Involved  in  the  production  of  fear,  nausea,  sweating,  respira¬ 
tory  changes,  ond  fainting  when  the  stimuli  ore  threatening,  is  brought  into  action  by  these  unnatural  patterns  of  sensory 
Input  coupled  with  the  task  of  controlling  the  aircraft.  If  we  presume  that,  in  some  individuals,  this  situation  can  through 
the  developmental  conditioning  elicit  obnomal  arousal  states  thet  disrupt  the  normal  function  of  the  hippocampus  and  amyg¬ 
dala,  then  both  immediate  and  long-range  ability  to  adapt  to  the  flight  task  may  be  severely  limited,mueh  os  hippocampal 
stimulation  can  induce  severe  fixation  of  attention  (37,  p.  121-122),  and  lesions  in  these  creas  limit  recent  and  immediate 
memory  and  the  learning  of  sequential  tasks  (37). 


IV.  SOME  EXPERIMENTS  ON  HABITUATION  OR  ADAPTATION  TO  UNNATURAL  STATES  OF  MOTION 


Habituation  to  various  states  of  motion  is  a  complex  process.  First,  the  total  reaction  to  unnatural  motion  involves 
many  subsystems,  and  second,  there  are  many  states  of  unnatural  motion;  e.g.,  unnotural  immobility  produces  measurable 
change,  as  does  unnatural  mobility. 


If  an  individual  is  fixed  relative  to  the  Ecrth  and  the  entire  visual  surrounds  move,  a  variety  of  reactions  can  be  elic¬ 
ited,  including  perceived  v/hole-body  movement,  nausea,  and  even  vomiting  (38).  This  appears  to  be  a  cose  involving  dis¬ 
cordance  between  the  inertial  senses  indicating  nc  motion  relative  to  th:  Earth  and  the  visual  input  indicating  motion.  It 
is  relevant  to  flight-simulation  devices  ?n  which  the  pilot's  control  moves  the  visual  surrounds  while  tne  pilot  remains  sta¬ 
tionary.  With  such  devices,  it  hos  been  found  on  several  occasions  that  experienced  pilots  encounter  much  more  disturbance 
than  do  beginners  (10,  p.  49-50).  Introduction  of  some  inertial  feedback  in  the  situation  reduces  the  disturbance.  This 
suggests  that  pilots  develop  strong  associative  bonds  between  control  actions  and  anticipated  visual,  vestibular,  and  pro¬ 
prioceptive  feedback.  In  other  words,  they  develop  new  matches  between  a  pattern  of  reafference  and  efference  copy. 

The  visual  flight  simulator  provides  the  visual  reaffeience  without  the  vestibular  and  proprioceptive  counterparts. 

On  moving  plotfbrms  there  are  a  variety  of  effects,  some  of  which  have  been  reviewed  In  the  previous  section.  Usu¬ 
ally  the  visual  surrounds  move  more  or  less  'with  a  person  who  is  in  the  interior  of  the  vehicle.  However,  if  he  moves  vol¬ 
untarily,  then  there  can  be  relative  motion  between  the  man  ond  the  visual  surrounds,  both  of  which  are  moving  relative  to 
the  Earth.  This  latter  movement  is  detected  only  by  the  inertial  senses  when  the  person  is  encapsulated,  but  when  external 
visual  reference  Is  available,  for  example  on  the  deck  of  a  ship,  then  the  visual,  vestibulor,  and  proprioceptive  senses  can 
detect  the  movement  of  the  whole  body  relative  to  the  Earth,  but  only  the  visual  system  detects  movement  cf  the  body  rel¬ 
ative  to  both  the  ship  and  the  Earth . 

Each  of  these  several  situations  induces  both  physiological  and  subjective  changes.  It  appears  that  something  like 
reafference  ond  efference  copy  and  interplay  between  the  visual,  vestibular,  and  proprioceptive  systems  under  various 
conditions  of  internal  and  external  reference  are  important  foctors  in  controlling  the  kinds  of  adjustments  which  occur  in 
various  modes  of  modem  transportation .  In  considering  habituction  or  adaptation,  it  is  not  a  simple  matter  to  define  what 
is  meant  by  satisfactory  hobituotion  or  adjustment.  Understanding  the  relevance  of  all  of  th*-  changes  that  occur  during  ex¬ 
posure  to  various  sfct?s  of  motion  to  the  functional  integrity  of  the  whole  system  is  a  prerequisite  to  defining  this  phrase,  and 
of  course,  if  is  this  understanding  which  is  one  of  our  major  goals.  However,  let  us  define  satisfactory  habituation  or  ad¬ 
justment  us  a  change  in  the  state  of  the  organism  that  contributes  to  improved  efficiency  in  dealing  with  the  state  or  states 
of  motion  under  consideration.  This  would  include  the  reduction  of  misleading  sensations  ond  perceptions;  the  reduction 
of  inefficient  cardiovascular,  thermal  regulatory,  and  respiratory  responses;  the  reduction  of  inefficient  sensory-motor  re¬ 
sponses;  the  reduction  of  nausea  and  vomiting;  the  reduction  of  depression  ond  discomfort;  and,  in  general,  an  improvement 
in  efficiency  of  motor  control  ond  psychomotor  coordination  and  in  a  sense  of  well-being.  We  must  recogni-.e  of  the  out¬ 
set  that  a  change  which  may  be  beneficial  for  one  task  performed  in  one  state  of  moticn  may  be  inefficient  and  maladoptive 
for  another  task  or  for  the  same  task  in  another  state  of  motion.  For  example,  reduction  of  a  particular  sensation  or  sensory- 
motor  reflex  as  a  result  of  repetitive  stimulation  is  usually  referred  to  as  hebituation  or  odoptation.  This  reduction  may  be 
beneficial  if  the  sensation  or  reflex  is  misleading  or  irrelevant,  but  .maladoptive  if  the  person's  task  and  well-being  depend 
upon  response  to  the  sensory  signal .  There  is  evidence,  however,  that  hobituotion  moy  consist  of  several  steges  or  levels, 
some  of  which  actually  may  serve  to  reduce  the  frequency  of  maladaptive  forms  of  hobituotion . 


With  this  rather  lengthy  but  partial  fist  of  considerations  relevant  to  hobituotion,  it  may  seem  incongruous  to  restrict 
our  consideration  to  the  few  experiments  thot  ore  reviewed  below.  However,  this  is  not  on  attempt  to  even  portiolly  review 
relevant  experiments;  It  is,  rather,  o  selection  of  o  few  experimental  results  thot  illustrate  the  feet  thot  chonges  in  the 
sensory,  perceptual,  and  emotional  reactions  to  unnatural  states  of  motion  do  occur  and  that  some  of  the  foctors  controlling 
these  changes  are  subtle,  but  nevertheless  potentially  within  the  realm  of  understanding. 

The  sensory  informotfon  naturally  provided  by  the  vestibular  system  is  angular  velocity  about  ony  body  (head)  axis, 
angular-position  (attitude)  information  relative  to  gravity,  and  piobably  linear-velocity  information.  The  semicircular 
canals  provide  ongulor-velocity  input  during  angular  acceleration,  ond  the  otoliths  provide  attitude  information  during 
change  in  position  (ond  also  during  maintained  position).  Vestibulor  linear-velocity  information  comes  from  o  changing 
utricular  input  combined  with  o  "no  ongulor  velocity"  signal  from  the  canals.  It  is  this  combination  thot  is  probobiy  the 
sine  quo  non  of  the  vestibular  linear-velocity  percept  (39,  p.  91).  Although  the  first  two  functions  ore  frequently  sepa¬ 
rated  for  oeodemic  instruction,  they  almost  never  function  separately  in  natural  movement.  Thus  the  angular  velocity  from 
the  canals  is  normolly  coordinated  with  change  in  position  information  from  the  otoliths.  Together  they  signal  ongulor 
velocity  about  a  heod-oxis  which  is  located  approximately  relative  to  gravity  by  the  otoliths.  In  natural  situations,  th c v 
information  is  typicclly  supplementary  to  end  interacting  with  visual  information,  tactual  information,  ond  moscie-joint 
information  to  maintain  sequential  sets  of  appropriate  reflex  actions  during  coordinated  movement.  In  considering  vestibu 
lor  adoptive  reactions,  it  is  necessary  to  consider  the  natural  functional  interaction  of  these  systems. 

A.  Adaptation  to  Tilt 

In  connection  with  adeptotion  to  tilt,  it  is  necessary  to  fcke  into  account  that  we  hove  been  constantly  exposed 
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phyiogenetically  and  ontogenetically  to  a  1  g-unlt  field  and  have  spent  much  time  in  various  orientations  relative  to  this 
force  field.  Many  of  our  activities  do  not  demand  perfect  alignment  with  gravity  and  are  carried  out  with  the  head  or  body 
deviated  from  gravitational  alignment  by  ;ome  acceptable  range  of  deviations.  In  running,  we  learn  to  line  up  approxi¬ 
mately  with  the  resultant  of  gravity  and  centripetal  acceleration  when  we  make  fast  turns  or  we  fall  down.  It  is  true  that 
some  positions  of  static  tilt  lead  to  greater  mean  errors  than  others  in  adjusting  o  lighted  line  io  vertical  in  darkness  (40), 
but  in  r-' jt  natural  situations  the  error  remaining  from  one  sensory  channel  is  corrected  to  within  acceptable  limits  for 
equilibrium  by  supplementary  information  from  several  other  senses.  Thus,  we  are  already  adapted  to  many  conditions  of 
tilt,  and  in  considering  experiments  on  this  topic,  it  is  necessary  to  evaluate  how  some  of  the  experimental  situations  which 
have  been  studied  differ  from  our  norn  al  adapted  state. 

In  many  experiments  the  primary  difference  from  ti.o  natural  condition  is  that  the  tilt  has  been  accomplished  passively 
and  slowly  and  the  static  position  has  been  corefolly  maintained.  In  one  such  experiment,  subjects  in  seated  positions 
remained  os  motionless  as  possible  in  I2-deg  lateral  or  backward  Hit  positions  but  were  told  that  they  were  being  smoothly 
returned  to  upright  on ' report  when  upright  position  was  achieved.  Previous  to  this,  they  hod  been  shown  thot  the  de¬ 
vice  could  nr. re  very  smoothly.  Within  I  to  5  minutes,  subjects  reported  upright  position  (Gueo'ry,  1949,  unpublished). 
Upon  actuc  .iti'in  to  upright,  they  felt  as  if  they  were  tilted  in  opposite  direction  and  required  about  the  same  length  of 
time  to  re\K'  '  ipright  again.  This  latter  effect  has  been  demonstrated  in  several  experiments  in  which  misleading  instrue- 
fic-”  had  '.sot  l  ien  int.-oduced  Ml).  The  results  demonstrate  that  under  static  well -supported  seated  positioning  without 
external  visual  reference,  oi:r  position  senses  are  fairly  plastic.  Thr.--  adaptation  effects,  which  are  quite  likely  proprio¬ 
ceptive  a,  well  as  vestibular,  are  short  term,  and  theie  is  no  reason  to  suspect  o  retentior  of  such  effects  from  one  day  to 
the  next . 


In  several  water-immersion  experiments  (42-44),  requiring  repositioning  of  the  body  relative  to  gravity  or  pointing 
in  the  direction  of  vertical,  judgments  of  verticaiity  were  found  to  be  quite  variable,  and  this  variability,  irrespective  of 
the  cccuracy  of  mean  judgments,  suggests  that  the  otolith  system  by  itself  does  '-of  provide  highly  precise  or  strong  signals 
of  -erilcality.  Ir  oert,  these  experiments  which  have  sought  to  remove  oil  save  the  otolith  signals  have  in  some  cases 
rniiu.krced  complicating  semicircular  ccnat  signals  and  In  others ,  very  slow  positioning  hos  reduced  "change-in-position" 
infa'r*.''on  which  the  otoliths  .  ,td  canals  would  normally  contribute.*  To  some  extent,  then,  the  lorge  variability  of  judg¬ 
ment.  -rhi--*  -vou Id  signify  poor  verticaiity  discrimination  moy  result  from  the  complicating  canal  signals,  the  absence  of 
r  toi!'-.  .. '(»  r  -in-position  'ignals,  and  the  lack  of  synergistic  inputs  from  the  other  senses,  rather  than  the  paucity  of  o to¬ 
ll'.  '”•£  mu  Nevertheless,  in  these  particular  judgment  situations  the  otoliths  do  not  apparently  provide  a  very  compel - 
lir  •  ;.*}«  ,_:<on  of  verticaiity,  and  it  is  dear  thot  flight  con  introduce  even  more  confusing  conditions  for  judgments  of 
vr  •  'y. 

in  another  class  of  experiments,  .  isuat  fields  have  been  tilted  independently  of  the  subject.  Studies  in  which  the 
subject  Is  either  statically  positioned  or  is  moved  passively  and  slowly  hove  shown  that  the  main  lines  of  the  visual  field 
influence  the  judgment  of  verticaiity  (46).  Pronounced  differences  in  !kjw  much  the  visual  frame  dominates  these  judg¬ 
ments  heve  been  related  to  personality  types  (47).  With  highly  speci*ic  instructions  to  subjeers,  these  individual  differences 
ore  diminished  (48),  but  once  again  a  plasticity  of  man  in  the  judgment  of  verticaiity  under  essentially  static  conditions 
hos  otten  demonstrated.  Witkin  (49)  found  that  training  in  situation:  with  conflicting  visual  and  proprioceptive  cue  situa¬ 
tions  Induced  some  improvement  in  the  "accuracy"  of  judgments,  especially  when  the  subjects  were  instructed  concerning 
the  available  orientation  cues. 

in  a  related  series  of  investigations,  body  "tilting"  has  been  accomplished  by  keeping  rhe  subject  upright  relative  to 
gravity,  but  by  use  of  the  centrifuge,  a  resultant  inertial  vector  has  been  tilted  relative  to  the  body  (29,50).  Under  these 
circumstances,  the  perception  of  the  "gravitoinerfiol"  vertical  of  a  line  of  light  logs  considerably  behind  the  change  in  the 
resultant  vector  (50,51).  In  this  situation,  the  semicircular  canals  indicofe  rofofion  in  o  plane  which  is  approximately 
orthogonal  to  the  plane  of  the  change  in  the  resultant  force.  The  slow  change  in  the  perception  may  signify  o  gradual 
odaptive  shift  from  one  frame  of  reference  to  another  under  some  conditions  (51),  but  under  other  conditions,  the  slow  shift 
seems  to  t.epend  upon  dissipation  of  discordant  cn/iol  information  (52). 

Experiments  in  which  subiects  hove  bees  maintained  under  unusual  conditions  of  dynamic  motion  hove  not  been  typi¬ 
cally  regarded  os  "otolith  hobituotion"  studies,  primarily  because  so  mony  otner  sensory-motor  interactions  were  also  in¬ 
volved.  However,  when  on  individual  is  in  flight,  his  reodiness  to  shift  to  tilted  visual  frames  such  os  a  false  horizon  or 
to  perceived  "upright  in  the  cobin"  os  grrvitotio  sal  upright  moy  be  even  greater  than  the  tendencies  noted  in  some  of  these 
relatively  static  experimental  conditions.  In  fligh'  conditions  the  direction  of  *he  resultant  force  is  frequently  not  in  align¬ 
ment  with  gravity,  ond  hence  i*  is  frequently  not  perpendicular  to  the  visible  horizon.  Moreover,  the  direction  of  rotation 
of  the  resultant  vector  may  or  may  no'/  be  signaled  by  the  semicircular  canals,  depending  upon  the  particular  flight  maneuver. 
Under  these  conditions  of  highly  unnatural  combinations  of  inputs  from  the  orientoticn  ond  motion  sensors,  the  dynamics  of 
the  perceptual  judgments  ore  not  predictable  from  knowledge  of  individual  sensory  systems.  Hobituotion  to  these  conditions 
clearly  involves  more  thon  adaptation  to  unusual  otolithic  stimulation.  Hobituotion  to  complex  spatial  sensory  inputs  will 
be  taken  up  in  a  later  section. 

8.  Habituation  of  Semicircular  Conal  Responses 


Discussion  of  vestibulor  hobituotion  is  frequently  restricted  fo  chonges  in  vestibular  nysfogmus  during  repeated  semi¬ 
circular  conal  stimulation.  During  the  course  of  simple,  repeated  rotation  obout  on  Eorth-vertieo!  axis  in  darkness,  nystag¬ 
mus  declines  >vhen  subjects  ore  not  kept  menfolly  active  (39,  p.  10).  Thus,  os  with  other  sensory  stimuli,  monotonous  repe¬ 
tition  of  stimuli  (which  demond  no  ottention  for  practical  reasons)  yields  o  decline  in  vestibular  nystagmus.  This  is  the 

*locoficn  cf  body  position  relative  to  gravity  by  the  otoliths  moy  be  portiolly  analogous  to  position  sense  of  limbs  which 
decoys  immee  ioteiv  following  movement  (45).  if  so,  some  adaptation  to  tilt  moy  be  due  to  forgetting  "chonge-in-po$ition" 
information. 


vestibular  counterpart  of  habituation  of  the  "orienting  reaction"  (cf.  22,53)  which  has  been  demonstrated  for  auditory, 
visual,  and  other  sensory  stimuli .  It  is  a  mechanism  that  provides  the  ability  to  attend  to  one  thing  without  being  dis¬ 
tracted  by  all  of  the  Inconsequential  stimuli  that  are  constantly  present  *n  almost  any  natural  environment.  It  has  keen 
repeatedly  shown  for  many  sense  modalities  that  subtle  changes  in  the  stimulus  will  re-elicit  the  orienting  reaction.  The 
some  seems  to  be  true  for  nystagmus.  What  happens  then  Is  that  there  Is  some  kind  of  monitoring  going  on,  though  it  moy 
be  subconscious  (5^,  p.  307 f),  which  passes  a  range  or  band  of  various  stimuli  without  diverting  the  individual  from  on¬ 
going  activity.  When,  however,  a  novel  or  danger-associated  stimulus  pattern  is  outside  th*s  acceptance  band,  there  is 
an  orienting  reaction,  or  inspecting  response.  This  process  may  involve  selective  suppression  of  vestibular  afferent  inflow 
to  various  centers,  but  ir  also  involves  on  automatic  assessment  and  classification  of  the  signal  in  relation  to  the  current 
situation. 


There  is  an  aspect  of  vestibular  nystagmus  and  its  relation  to  arousal  which  has  been  omitted  from  our  consideration 
thus  far.  There  have  been  a  number  of  studies  which  indicate  that  sensory  signals  (e.g.,  cuditory  or  visual)  remain  strong 
while  an  animal  is  attending  to  that  specific  signal  source  {cf.  22,53),  bur  when  another  distracting  stimulus  or  mental 
activity  is  required,  the  signals  are  reduced.  More  ro.the  point  of  the  present  discussion,  Hernandez  Peon  and  Donoso 
(In  55,  p.  126-127)  recorded  froi  deep  (subcortical)  electrodes  photic-evoked  potentials  from  vir:  -ti  radiations  in  human 
subjects  and  noted  thet  the  evoked  potentials  were  markedly  smaller  during  difficult  arithmetic  calculations-  As  soon  as 
solutions  were  reached,  the  evoked  pofeniials  recovered.  It  is  curious  then  that  vestibuior  nystagmus  which  is  diminished 
after  only  a  few  stimulus  repetitions  (wherein  the  subject  is  no  longer  "arousud"  by  the  vestibular  stimulus)  can  be  mode  to 
return  in  foil  intensity  by  assigning  mental  arithmetic  problem*  (56).  Arithmetic  computations  that  divert  the  subject's 
attention  from  the  vestibular  sensations  is  ct  least  as  effective  as  is  attending  to  and  reporting  vestibular  sensations.  This 
apparent  paradox  may  wall  be  due  to  the  fact  that  in  natural  movement,  the  vestibuior  system  must  set  off  appropriate 
reflex  actions  to  motion  when  the  man  or  animat  is  engrossed  with  another  tusk.  The  vestibular  system  typically  functions 
as  a  silent  partner  in  contributing  to  coordinated  movements  when  the  person’s  attention  is  on  something  else.  Benson 
(personal  communication)  has  recently  shown  that  men  oscillated  angularly  at  frequencies  up  to  8  or  10  Hz  still  retain  good 
visual  performance  for  objects  fixed  relative  to  Hie  Earth,  whereas  when  the  man  is  stationary  and  the  object  is  oscillated, 
the  visual  performance  drops  off  at  oscillation  frequencies  between  0.5  and  1.0Hz.  In  the  former  cose  when  the  man  wos 
oscillated,  the  vestibuior  system  contributed  to  the  performance  but  the  man’s  ottention  was  on  the  visual  input,  not  the 
vestibular  sensations.  This  is  a  typical  example  of  vestibular  function;  vestibular  coordination  tekes  place  without  attsn- 
tion  to  the  vestibular  sensation  because  attention  to  an  external  vestibuior  eliciting  agent  is  not  naturally  required .  Ves¬ 
tibular  signals  are  usually  initiated  when  the  person  voluntarily  moves  the  head  or  whole  body.  The  voluntary  initiation  of 
the  movement  ond  the  concomitant  feedback  from  mony  other  senses,  which  ore  more  dearly  under  conscious  voluntory 
control  than  is  the  vestibular  sense,  disguises  the  fact  that  we  even  hove  vestibular  sensory  data.  Thus  o  person  con  volun¬ 
tarily  close  or  open  his  eyes,  turn  to  see,  close  his  ears,  turn  to  better  heor,  touch  himself  or  rum  to  touch  something  else, 
move  to  ovoid  being  touched  or  hit,  position  a  limb  relative  to  the  body  or  relotive  to  gravity,  or  sequentially  move  limbs 
to  walk,  and  oil  cf  these  visual,  auditory,  cutaneous,  and  proprioceptive  sensory  data  ore  subject  to  a  degree  of  conscious 
voluntory  control  which  is  necessary  for  Hie  person's  commerce  with  the  environment.  But  most  of  these  some  acts  involve 
stimulation  of  the  vestibular  system,  which  provides  sensory  doto  without  conscious  awareness  and  which  probably  functions 
best  when  its  contribution  is  not  a  matter  of  conscious  awareness.  When  o  person  is  highly  active  mentally  or  is  attending 
to  other  sensory  inputs,  os  for  example  in  Hie  act  of  pursuing  gome,  vestibuior  reflex  input  to  coordinated  "automatic"  move¬ 
ment  must  be  at  its  peak,  and  attention  to  vestibuior  sensations  must  be  minimal.  In  this  context,  it  is  not  surprising  that 
mental  arithmetic  enhances  vestibular  nystogmus  even  though  if  distracts  the  person  from  attending  to  vestibule?  sensations. 

From  these  considerations,  several  points  emerge:  I)  Vestibuior  sensations  in  o  natural  environment  ore  less  subject 
to  conscious  awareness  ond  purposeful  conscious  control  than  ore  those  of  the  other  senses  relevant  to  orientation  ond  motion. 
2)  Mental  arousal  heightens  vestibuior  reflex  action  even  when  attention  to  vestibuior  sensations  is  inelevont  to  the  task  of 
hand.  3)  Reduction  of  vestibuior  nystogmus  through  "ottenlion  habituation"  of  this  type  is  not  on  indication  that  a  person 
•vil!  have  suppressed  nystagmus  reactions  to  semicircular  eonol  stimulation  in  the  flight  environment.  4)  Much  of  the  ves¬ 
tibular  stimulation  in  flight  is  unnatural,  ond  it  sets  off  reactions  that  are  functionally  useless.  Because  these  stimuli  aie 
novel,  they  at  first  evoke  arousal  that  potentiates  vestibuior  reflex  actions.  With  more  experience  in  flight,  the  acceptance 
bond  is  widened  and  fewer  vestibuior  signals  elicit  the*e  nonfunctional  reactions.  5)  However,  heightened  menfol  orourol 
for  any  reason,  including  perceived  threat,  will  potentiate  the  elicitation  of  vestibuior  reflex  actions  when  these  reactions 
hove  been  reduced  only  by  attention  habituation.  Increased  unnecessary  vestibuior  eoctions  or  the  tension  creoted  by  their 
potentiation  ond  suppression  con  interfere  with  fine  motor  control  (3,4,31). 

There  is  another  form  of  response  thongs  that  occurs  during  o  prolonged  semicircl.v  conol  stimulus.  During  constant 
angular  acceleration,  nystagmus  peoks  ond  declines  and  sensation  peaks  ond  declines  even  more  quickly  (39,57).  Following 
such  a  stimulus,  the;-  is  o  ravened  or  secondary  reaction.  These  response  characteristics  ore  of  variance  with  fheoreticoi 
estimates  of  eupuior  re  ponses  and  hove  been  regarded  os  evidence  of  odoptotion.  Several  models  have  been  proposed  to 
occounv  for  the  effects  (in  10,  p.  363-380).  These  kinds  of  odoptotion  signs  seem  to  occur  during  high  arousal  levels  (57), 
ond  they  also  occur  when  orousal  is  not  mointoined  throughout  the  response  (39,  p.  83).  The  latter  point  is  important  be¬ 
cause  it  indicates  thet  the  occurrence  of  the  nystagmus  resprnse  itself  is  not  a  neeessory  condition  for  these  signs  of  adopfo- 
tion,  ond  the  former  point  is  important  oeerxtse  the  response  decline  oppeors  to  be  not  just  another  sign  of  ottention  hobituo- 
tion.  This  form  of  odoptotion  seems  to  be  more  prominent  in  iower  onimols  thon  in  mon,  but  if  is  clearly  present  in  mon  (58). 
Recently  Goldberg  end  Fernandez  (59)  found  thot  some  first-order  ampullor  neurons  in  monkeys  showed  chonges  in  response 
during  ond  offer  prolonged  stimulation,  like  thosa  encountered  in  humon  nystogmus  and  sensotion,  whereos  other  neurons  did 
not  exhibit  "odoptefion  effects."  The  normol  semicircular  canal  response  is  bilofernl  ond  yields  a  differential  input  to  the 
central  nervous  system.  Goldberg  ond  Fernandez  found  o  return  toword  spontaneous  firing  levels  in  units  whose  initial 
response  wos  decreased  by  the  .stimulus,  ts  well  as  in  units  responding  by  increased  firing  rates.  Whether  or  not  such  neural 
responses  reflect  o  selective  efferent  suppression  on  some  neurons  or  some  kind  of  selective  peripheral  odoptotion  process, 
there  is  on  analogous  suppression  of  the  nystagmus  response,  and  on  even  greeter  suppression  of  the  subjective  sensations 
during  prolonged  constant  stimulation. 
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Green  (60)  has  preposed  that  this  kind  of  adaptation  process  Is  deficient  In  some  men,  and  these  individuals  will  con¬ 
stitute  a  chronically  "motion  sick"  group.  There  is  some  evidence  which  supports  this  contention  and  if  It  is  correct,  then 
it  should  be  possible  to  develop  some  reliable  simple  tests  to  select  cut  such  individuals.  There  is,  however,  some  conflict¬ 
ing  evidence  (61),  and  it  appears  reasonably  certain  that  simple  sensory  tests  used  alone  will  not  be  sufficient  to  detect  all 
categories  of  individuals  who  will  not  readily  adjust  to  unnatural  motion  environments. 

Groen  (60)  also  has  proposed  that  during  periodic  stimulation,  a  neural  copy  of  the  sensory  pattern  develops  so  that 
balance  is  maintained  more  or  less  automatically,  and  he  adduced  convincing  evidence  in  support  of  this  idea.  There  is 
little  question  that  something  like  this  happens,  but  it  is  not  at  all  established  that  the  adaptation  effects  referred  to  in  the 
previous  section  are  necessarily  a  sign  of  this  process  or  of  individual  differences  in  this  capacity.  However,  if  they  are, 
then  some  very  simp'e  short  quantitative  tests  will  have  far-retching  significance,  and  this  is  a  matter  of  current  research 
in  Pensacola. 

The  most  impressive  evidence  for  Green's  "pattern  copy"  hypothesis  comes  from  after-effects  of  prolonged  exposure  to 
periodic  or  other  unnatural  stimulation  in  which  the  subjects  have  initiated  voluntary  movements  in  a  lighted  structured 
visual  field.  Thus  the  coordination  of  visual,  vestibular,  and  proprioceptive  inputs  during  o  voluntarily  initiated  task  are 
part  of  the  exposure  history  in  active  fighter  pilots  who  showed  suppressed  cupulograms  (62),  sea  voyagers  who  experienced 
a  roiling  countryside  upon  debarkation  (60),  and  ?n  man  recovering  from  exposure  on  the  Pensacola  rotating  room  (63). 

It  is  not  intended  to  imply  by  these  comments  that  some  degree  of  pattern  copy  cannot  develop  in  the  absence  of  en¬ 
forced  visual,  proprioceptive,  and  vestibular  interaction.  Indeed,  Groen  (personal  communication)  has  found  some  experi¬ 
mental  evidence  suggestive  of  pattern  copy  after  simple  sinusoidal  oscillation  in  the  dark.  Also,  Kennedy  (64)  has  shown 
impressive  changes  in  phase  relations  during  prolonged  sinusoidal  oscillation,  especially  when  arousal  was  not  maintained. 
However,  it  is  of  practical  importance  to  find  those  conditions  which  maximize  the  development  of  pattern  copy,  control 
the  way  that  vestibular  and  associated  responses  ore  altered,  and  influence  the  retention  of  altered  responses. 

A  number  of  studies  have  indicated  that  acquisition  of  control  over  involuntary  responses  (15)  is  aided  by  pairing  them 
with  supporting  responses  alreody  under  voluntary  control .  Recent  studies  demonstrating  that  heart  rate  and  other  involun¬ 
tary  actions  may  be  brought  under  a  degree  of  voluntary  control  hove  heightened  interest  in  this  topic  (19-21). 

Vestibular  nystagmus  and  vestibular  sensations  jre  not  typically  under  voluntary  control  when  these  reactions  ore  pro¬ 
duced  by  passive  rotation  in  a  dark  room.  However,  when  the  person  hos  a  visual  task  that  requires  voluntary  visual  sup¬ 
pression  of  nystagmus,  then  the  repeated  pairing  of  such  a  visual  task  with  the  vestibular  stimulus  eventually  results  in  a 
habituation  of  vestibular  nystagmus  to  that  '.rim’-'-s  even  in  the  dark.  This  ?s  illustrated  in  Figure  1 . 
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Figure  I.  Nystagmus  Per  Cent  Decline 
in  Groups  of  Ten  Men  Tested  in  Dark¬ 
ness  with  and  without  Computational 
Arousal  before  ond  after  Habituation 
Series  of  80  one-minute  Rotation  Trials. 
During  the  habituation,  postrotation 
nystagmus  was  visually  suppressed  in 
Groups  I  ond  III  by  presenting  prob¬ 
lems  requiring  visual  control  of  eye 
movements .  Suppressed  was  nystogmus 
right  (— )  in  Group  I,  nystogmus  left 
(£)  in  Group  III.  Groups  II,  IV,  ond 
V  were  habituated  in  darkness,  but 
Group  V  solved  auditorily  presented 
problems  offer  each  triol . 


Figure  1  also  shows  that  control  groups  "habituated"  in  darkness  showed  obout  the  some  nystogmus  reduction  os  the  visuol 
suppression  groups  when  both  groups  were  tested  without  requirement  for  orithmefic  computations  in  darkness.  However, 
when  the  groups  were  ogain  tested  in  darkness  while  doing  mental  arithmetic,  then  only  the  groups  hobifuoted  with  visuol 
suopression  of  nystogmus  showed  a  significant  nystogmus  habituation  in  darkness,  and  this  was  present  only  for  the  direction 
of  nystagmus  that  had  been  visually  suppressed.  This  directionally  specific  nystogmus  habituation  imposed  by  the  repeated 
pairing  of  visual  ond  vesJibular  stimuli  in  o  particular  way  indicates  that  some  sensory-motor  retraining  has  token  place  which 
carries  over  to  the  dork  condition.  This  kind  of  nystogmus  change  seems  to  6c  different  from  nystogmus  chonges  brought  obout 
by  "arousal  hobituation"  ond  from  adaptation  effects  during  prolonged  single  responses. 

One  of  the  most  interesting  experiments  on  this  topic  has  been  corried  out  by  Gonsbor  ct  ol .  (65)  who  showed  thot 
prolonged  sinusoidal  oscillation  did  not  produce  nystogmus  hobituation  to  sinusoidal  oscillation  os  long  os  mental  arousal  by 
arithmetic  computations  was  required.  However,  when  subjects  wore  right-left  reversing  prisms  throughout  the  doy  and  were 
tested  from  time  to  time  by  2-minute  periods  of  passive  sinusoidal  oscillation  in  darkness  during  mentol  computation,  nystog¬ 
mus  was  reduced,  ond  there  were  marked  chonges  in  phase  relctions  (almost  180  deg)  between  n/stogmus  reversal  ond  choir 
reversal;  i.e.,  the oculor  response  to  vestibular  signals  was  phase  shifted  tc  accomplish  o  functional  coordination  cf  the  visuol 
ond  vestibular  inputs.  Thus  the  normol  coordination  between  visuol,  vestibular,  ond  proprioceptive  inputs  wes  rearranged  by 
active  voluntary  movement  while  the  subjects  wore  right-isft  reversing  lenses;  evidence  of  this  odaotative  rearrangement  was 
obtained  from  "invo'untcry"  vestibular  nystogmus  recorded  during  passive  angular  oscillation  in  dorkne*s  with  the  subjects 
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doing  arithmetic  computations . 


Arousal  ond  focus  of  attention  could  '■■  ■.■  ■■  habituation  process  In  several  ways.  First,  arousol  con  reinstate 

nystagmus  that  has  been  reduced  by  atterfi' •  'v  ..-.tan.  If  may  also  Increase  the  amount  of  odoptlve  suppression  if  we 
assume  that  the  suppression  Is  proportional  ro  *■  longe  in  neural  activity  during  tho  response  (53,  p.  90-91).  In  this 
connection,  the  difference  between  the  dark  auditory  arousal  group  (Group  V)  ond  the  dork  ^.occupied  groups  (Groups  II 
and  IV)  in  Figure  1  may  be  relevant.  Focus  of  attention  (56)  or  gating  (cf.  13,  p.  634f)  may  influence  which  aspect  of  the 
vestibular  response  is  affected  by  pairing  with  a  suppressing  visual  stimulus.  For  exomple,  the  visual  task  required  of  Groups 
I  and  III  in  Figure  1  required  solution  of  visually  presented  mechanical-comprehension  problems.  There  was  little  difference 
in  sensation  habituation  (not  shown  in  Figure  1)  in  the*  (objects  and  those  groups  hobituoted  in  darkness  even  though  there 
were  differences  in  nystagmus  suppression.  This  is  in  contrast  to  an  early  experiment  in  which  subjects  were  urged  to  report 
cessation  of  sensation  as  soon  as  it  occurred,  ond  significant  differences  were  found  between  groups  habituated  wit^  visual 
Suppression  and  those  habituated  in  darkness  (67).  Sokolov  (6o)  and  rribrom  (66)  bom  emphasize  me  importance  of  cortical 
levels  of  awareness  to  model  building  and  habituation. 

C.  Habituation  to  Complex  Stimulus  Environments 


The  experiment  of  Gonshor  et  al .  (65)  in  which  subjects  wore  right-left  reversing  prisms  involved  o  more  complex 
form  of  habituation  than  simple  changes  in  response  to  rotation  about  on  Eorth-vertieol  axis.  The  octive  movement  with 
visual  feedback  required  central-nervous-system  adjustment  to  new  relations  between  visual,  vestibular,  ond  proprioceptive 
inputs  in  various  planes  of  motion.  This  is  one  of  a  whole  class  of  experiments  involving  what  has  been  referred  to  as  "geo¬ 
metric  displacement"  (9)  or  "sensory  rearrangement"  (cf.  13,  34).  Typically,  subjects  hove  worn  optical  devices  such  os 
prisms,  or  mirrors,  which  displace,  tilt,  invert,  or  reverse  the  visual  field.  Quantitative  performance  measures  hove  usu¬ 
ally  involved  some  kind  of  eye-hand  coordination  test  or  walking  test  during  and  after  the  period  of  sensory  rearrangement. 
These  studies  have  usually  shown  a  considerable  improvement  in  performance  during  the  exposure  period,  impressive  after¬ 
effects  when  the  distorted  input  was  removed,  pronounced  individual  differences  in  the  initial  effects  and  in  rate  of  per¬ 
ceptual,  performance,  onf  emotional  adjustment  to  distorted  input.  In  general,  Held's  work  has  demonstrated  that  sensory- 
motor  odjustments-are  more  readily  learned  when  the  subjects  mode  active  (voluntary)  movements  during  the  sensory  rear¬ 
rangement  (13,  p.  607f,  and  Chapt .  4  in  34),  although  this  ir  subject  to  some  debate  (cf.  Chapts.  2  and  14  in  34).  The 
work  of  Toub  and  Berman  (Chapt.  1 1  in  34),  however, 'Strongly  suggests  that  volition  contributes  to  the  leoming  process, 
as  indicated  by  the  demonstration  of  learning  after  deofferentotion  of  limbs.  Something  like  reafference  seems  to  influence 
immediate  perception  ond  also  learning. 

It  is  perhaps  significant  that  there  is  considerable  evidence  for  phylogenetic  differences  in  the  rearrangement  experi¬ 
ments.  Taub  (Chapt.  6  in  34)  indicates  that  below  . . .  ."the  class  mommolia,  there  is  no  indication  of  ability  to  compen¬ 
sate  behaviorally  either  for  visual  inversion  or  for  reversal  of  direction  of  action  exerted  by  limb  antagonists .  The  higher 
mammals,  on  the  other  hand,  are  oble  to  compensate  for  both  types  or  rearrangement . " 

If  is  quire  important  to  note  that  the  kinds  of  rearrangements  purposely  produced  in  these  experiments  with  visual  ap¬ 
paratus  of  various  types  are  quite  similar  to  the  kinds  of  rearrangements  that  ore  introduced  by  somn  forms  of  flight  simulators. 
The  adjustment  probably  involves  a  recalibration  of  several  body  systems,  including  several  motor  systems,  several  sensory 
systems,  and  complex  sensory-motor  reactions  during  intentional  as  well  as  passive  movements. 

A  recent  series  of  investigations,  originated  by  Graybiel  (69),  has  been  regarded  as  primarily  of  interest  in  vestibulor 
research,  but  this  experimental  situation  is  really  a  subtle  ond  important  form  of  rearrangement  experiment  (39,63).  When 
a  person  is  free  to  move  around  in  an  enclosed,  lighted,  slowly  rotating  room,  more:  than  o  simple  rearrangement  of  visual 
and  vestibular  inputs  is  involved.  Walking  along  a  straight  line  on  the  floor  of  the  room  is  really  walking  along  a  curved 
path  relative  to  the  Earth.  This  curvature  is  sensed  by  the  limb  proprioceptor  system  while  the  visual  system  "reports”  line¬ 
ar  motion.  When  the  person  stands  still  ot  the  periphery  of  the  room,  the  room  on  the  other  side  looks  “uphill"  because  the 
resultant  force  (resolution  of  gravity  ond  the  force  from  the  centripetal  acceleration)  is  tilted  rek*:"e  to  gravity.  Since 
the  angle  of  the  resultant  force  relative  to  gravity  diminishes  toword  center,  the  perceived  tilt  varies  with  the  poison's 
position  in  the  room.  The  most  immediately  disturbing  effect  is  produced  by  heod  tilts  about  any  axis  that  is  approximately 
at  right  angles  to  the  axis  of  room  rotation.  Curing  the  heod  motion  the  axis  of  the  resultant  conol  stimulus  differs  consider¬ 
ably  from  the  axis  of  intended  heod  motion  ond  from  the  axis  of  change  in  position  signaled  by  the  otoliths  ond  neck .  Upon 
completion  of  the  head  motion,  there  is  a  rosidual  canal  signal  (reafference),  indicating  motion  ot  right  angles  to  the  in¬ 
tended  plone  (efference  copy)  of  motion,  ond  this  is  also  at  variance  with  concurrent  otolith  end  proprioceptive  information 
that  indicates  the  position  change  has  stopped.  Thus,  in  addition  to  the  required  visual -vestibular-proprioceptive  rearrange¬ 
ment,  there  is  on  introlobyrinthine  rearrangement  since  the  two  labyrinthine  subsystems  which  normally  function  synergisti- 
colly  now  provide  information  that  would  require  completely  different  sets  of  compensatory  movements. 

Individuals  deprived  of  labyrinthine  function  experience  ell  of  the  other  visual  proprioceptive  rearrangement  problems 
of  living  in  the  rotating  room  and  show  perrotationai  ond  postrotatior.al  changes  in  motor  coordination  without  being  troubled 
by  ncuseo  or  motion  sickness  (70).  From  this  ond  other  related  considerations.  Money  (35)  has  concluded  rot  a  functional 
labyrinth  is  necessary  for  the  occurrence  of  motion  sickness,  and  Reason  (71)  has  concluded  that  a  spatial  sensory  recrroi»ge- 
ment  in  which  the  vestibular  system  is  always  one  party  in  the  conflict  is  necessary  for  motion  sickness.  At  any  rote,  os  vdth 
the  rearrangement  experiments  in  which  vision  was  distorted,  the  results  of  the  rototing  room  experiments  showed  that  people 
could  "odjust"  to  this  kind  of  environment  even  during  fairly  high  rates  of  rotation.  There  were,  as  with  the  other  rearrange¬ 
ment  experiments,  considerable  individual  differences  in  initial  reactions  ond  in  rotes  of  adjustment  irrespective  of  whether 
they  were  measured  by  reflex  octivify,  such  os  nystagmus,  emotional  reactions  (neyrovegetetive  signs),  performance  measures, 
or  subjective  reports  of  motion  sensations. 

Nystagmus  ond  the  sensations  of  motion  ore  valuoble  signs  of  the  kind  of  neurophysiological  recoding  which  con  toke 
place  during  exposure  to  this  kind  of  situation,  as  shown  in  Figure  2. 
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F'Cjre  2.  Canal  Stimulus  (S)  and  Response  (R)  during  Head  Tilts  before  ond 
otter  Habituation  Sn  Normal  and  Rotation  Environments. 

In  a  natural  environment,  head  rotation  about  the  x-oxis  from  a  left  loteral 
position  to  a  right  lateral  position  produces  a  counterrolling  eye  movement 
about  the  x-oxis  and  o  sensation  of  x-axis  heod  tilt  (A).  As  the  heod  move¬ 
ment  steps,  the  sensation  stops  and  the  eye  velocity  stops.  In  the  enclosed 
rotating  environment,  however,  the  some  head  movement  about  the  x-axis 
produces  eye  movement  and  rotary  sensation  about  a  changing  axis  intermedi¬ 
ate  between  the  x-,  y-,  and  z-axes  and  an  after-response  of  almost  pure 
y-axis  nystagmus  which  in  darkness  requires  10  or  15  seconds  to  dissipete  (B). 
Dur’ng  habituation,  with  active  movement  arid  visual  suppression,  these  dis¬ 
cordant  canal  responses  diminish  (C).  Shortly  thereafter,  testing  i.‘  dark¬ 
ness  with  head  movements  in  the  natural  nonrotating  environment  reveals 
eye  movements  and  sensations  opposite  in  direction  to  those  which  had  oc¬ 
curred  in  the  rotation  condition;  ‘his  represents  a  new  sensory-motor  relation¬ 
ship  in  which  a  particular  sensory  Input  in  o  natural  environment  produces  a 
sensation  and  nystogmus  in  i  plone  which  differs  by  almost  90  deg  (D)  from 
the  plane  of  the  original  response  in  the  natural  environment. 

BEFORE  HAS1TUATK5N  AFTER  HABITUATION 

At  this  time,  a  heod  movement  while  the  subject  is  standing  unsupported  and  with  eyes  closed  causes  him  to  fell  in  o  direction 
compensatory  to  the  recoded  messore.  A  recoding  or  reorganization  of  sensory-motor  and  sensory-perceptual  relations  has 
occurred  (cf.  63). 

These  rotating  room  studies  have  served  to  emphasize  that  change  in  vestibular  nystagmus,  though  on  objectively  meas¬ 
urable  reflex,  is  only  one  sign  of  habituation  and  that  it  is  not  alsvays  correlated  with  similar  changes  in  other  aspects  of  the 
over-oil  reoction  to  spatial  sensory  rearrangement.  Nystagmus  may  decline  while  nausea  increases,  and  after  vomiting,  the 
opposite  sometimes  occurs.  A  comparison  of  several  experiments  illustrates  the  subtle  factors  involved  in  these  various  changes. 
Reason  and  Diaz  (71)  carried  out  a  study  in  whi ;h  three  groups  of  subjects  mode  heod  movements  in  a  rotating  structure.  One 
group  was  enclosed  in  the  structure  and  hod  only  internal  visual  reference  (IVR);  o  second  group  had  full  view  of  the  external 
Earth-fixed  room  and  had  external  visual  reference  (EVR);  ond  o  third  group  was  blindfolded.  All  three  groups  were  required 
to  give  frequent  ratings  of  motion  sensations  and  of  feelings  of  well-being.  Under  these  circumstances,  the  IVR  condition 
clcariy  provoked  a  greater  decline  of  well-being  and  more  severe  symptoms  of  motion  sickness  then  either  of  the  other  condi¬ 
tions.  In  regard  to  motion  sickness,  these  results  of  Reason  ond  Diaz  appear  to  reverse  earlier  findings  by  Guedry  (72),  in 
which  a  group  habituated  to  heod  movements  under  IVR  conditions  exhibited  less  sickness  (ond  more  nystogmus  habituotlon) 
than  a  group  habifuo*ed  in  darkness.  However,  in  Guedry 's  study  the  IVR  group  was  mentally  occupied  with  visually- 
presented  problems,  whereas  the  d.mk  group  was  mentally  unoccupied.  Several  experiments,  including  recent  work  with  the 
Brief  Vestibuloi  Disorientation  Test,  have  demonstrated  that  signs  like  pallor,  swsoting,  nousea  and  sickness  are  reduced  by 
assigned  menfa1  tasks  during  exposure  to  provocative  stimuli  in  derkness  (73,74). 

Thus,  controlled  mental  activity  can  ameliorate  motion-sickness  symptoms,  whereas  visual-vestibular  interplay  can  fa¬ 
cilitate  nystagmus  hobituafion  (72)  or  exacerbate  motion  sickle*?  (10,  p.  49,  30)  or  reduce  motion  sickness.  In  this  connec¬ 
tion  the  EVR  group  of  Reason  and  Diaz  (71)  showed  far  less  emotioncl  disturbance  than  dir.  the  IVR  group.  The  immediate 
amelioration  of  emotional  disturbance  of  the  EVR  conditions  can  be  easily  demonstrated  with  the  well-known  Link  trainer, 
slightly  modified.  During  rotation  at  a  fairly  rapid  rote  (e.g. ,  20  rpm),  head  movements  its  the  darkened  interior  will  disturb 
most  people.  With  the  cockpit  illuminated,  the  some  head  movement;  will  again  be  highly  disturbing.  If,  however,  the 
cockpit  is  opened  so  that  the  external  room  is  visible,  the  emotional  effects  of  the  head  movements  are  strikingly  reduced. 

The  veridical  visual  information  on  motion  relative  to  the  external  world  melds  the  inertia!  messages  from  the  canals  ond  oto¬ 
liths  ond  the  expected  sensory  feedback  into  more  synergistic  information  concerning  heod  motion  relative  to  the  fixed  external 
frame  of  reference.  For  example,  in  darkness  o  right-lateral  heod  tilt  from  upright  position  during  clockwise  rotation  pro  • 
duces  o  climbing  sensation  ond  diagonal  verticol  nystagmus  with  slow  phase  down.  The  subject  expects  a  sensation  of  right- 
iaterel  heod  tilt  (efferetice  copy)  ond  gets  something  (reafference)  entirely  different.  With  the  external  view  available,  how¬ 
ever,  if  is  clear  os  soon  os  the  heod  movement  starts  that  the  lateral  head  tilt  relative  to  the  body  "causes"  motion  of  the 
visual  field  in  o  diagonal  downward  direction  relative  to  the  heod;  moreover,  the  diogonol  vestibular  nystogmus  with  slow 
phase  downward  relative  to  the  heod  is  in  o  direction  to  aid  visual  acuity  of  this  moving  field.  This  is  the  condition  under 
which  pilots  usually  learn  to  fly,  i.c.,  with  good  visual  reference.  It  is  o  favorable  condition  because  the  mentol  occupa¬ 
tion  with  the  flight  task  affords  some  reduction  in  the  emotional  consequences  of  discOrdont  spct:ol  sensory  data  ond  olso  be¬ 
come  the  external  visual  reference  con  transform  sensory  discordance  into  more  nearly  concordant  information.  On  the  other 
Send,  a  person  trained  only  under  conditions  of  good  visual  reference  moy  not  be  prepared  for  the  emotional  impact  thot  con 
result  from  discordcnt  spatial  sensory  dato  when  extemo!  visual  reference  is  either  reduced,  absent,  or  r.  isiecxfing.  If  is  o 
simple  inexpensive  matter  to  demonstrate  the  influence  of  the  presence  or  absence  of  exte-wl  visual  reference  on  the  o’isturb- 
ing  qualities  of  unnoturoi  motion  stimuli . 

Habituation  to  unnatural  motion  environments  involves  changes  of  o  number  of  different  reaction  systems,  and  the 
conditions  of  exposure,  including  inteiactio..,  of  the  vorious  sensory  inputs  and  the  task  of  the  individual,  influence  net  only 
the  immediate  perception,  oeulomotvr  reficx  activity,  ond  “motional  reoction,  but  also  the  rates  of  habituation  of  these  vari¬ 
ous  components  of  the  total  reaction.  It  is  p.op5»ert  tkm  ?>.,  way  in  which  vorious  involuntary  response  components  chcnge  is 
determined  in  pert  by  association  of  these  components  with  ot.rer  components  thot  ore  under  more  direct  voluntcry  control 
(cf.  15)  ond  thot  naturally  suppress  or  facilitate  the  porticular  reoction.  Tire  most  obvious  excmple  is  the  pairing  of  vestibu¬ 
lar  nystagmus  with  o  vi«ual  task  thot  requires  voluntary  control  of  the  eyes.  The  plane  (63,72),  the  magnitude  (63,72),  ond 
the  phase  relations  (65)  of  the  oculomotor  response  can  be  chonged  in  this  woy.  A  less  obvious  cxomple  is  the  emotlonol  as¬ 
pect  of  the  -action.  Ibis  component,  of  course,  can  be  ameliorated  when  it  is  passible  to  demonstrate  that  the  exposure 
really  is  not  dangerous  (when,  in  feet,  it  is  not)  but  it  is  also  possible  thot  demonstrations  of  the  effect  of  purposeful  pairing 
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of  mental  conoufations  with  mildly  disturbing  stimuli  mcy  prove  helpful  in  bringing  the  emotional  components  under  voluntary 
control.  Die  person  can  be  shown  that  mental  distraction  from  the  peculiar  sensations  reduces  the  disturbance  they  produce. 
Another  way  which  may  be  effective  is  to  pair  voluntorily  controlled  respiration  with  the  unnatural  stimulus.  The  Coriolis 
"cross-ca'ioling11  stimulus  produces  gross  changes  in  respiration  in  some  people.  Some  individuals  seem  uninfluenced  by  this 
stimulus,  out  others  hold  the  breath,  while  still  others  ir.create  rote  and  depth  of  breathing.  I  have  found  myself  doing  the 
latter  while  experiencing  such  stimuli.  At  these  times  I  experience  immediote  fear  despite  the  fact  that  I  intellectually  be¬ 
lieve  my;elf  to  be  in  n  safe  condition.  By  consciously  controlling  respiration  before,  during,  and  after  the  stimulus,  these 
immediate  fear  reactions  seem  considerably  reduced.  If  this  can  be  proven  by  future  studies,  it  will  be  a  nice  tribute  to  the 
classic  James-Lange  theory  of  emotion,  and  it  may  be  a  highly  practical  bit  of  knowledge  for  instructing  and  habituating 
pilots  in  regard  to  a  primary  danger  of  disorientation  stress;  i  e.,  *he  immediate  fear  cr  panic  reactions. 

Ir*  summary,  it  is  clear  that  the  habituation  of  practical  interest  to  aviation  medicine  ir  volves  much  more  than  changes 
in  vestibular  reactions  ger  se.  The  various  changes  in  vestibular  relations  ere,  however,  intimately  involved  with  various 
sensory,  cognitive,  and  emotional  processes  of  habituation;  in  this  context,  on  understanding  of  changes  in  vestibular  reac¬ 
tions,  which  typically  are  not  under  conscious  voluntary  control,  has  far-reaching  figmficcnce  for  a.iotion  medicine.  It  is 
proexssed  that  there  are  several  mechanisms  of  vesf'bula*  habituation: 

1 .  A  short-term  adaptive  change  wherehy  sustained  change  in  ievel  of  vestibular  sensory  input  initiates  counterproc¬ 
esses  to  return  sensory  inflow  toward  the  initial  level  of  activity  (57,75).  This  process  is  presumed  to  operate  irrespective  of 
cognit:ve  assessment  of  stimulus  significance,  if  involves  on  inhibition  c>r  suppression  of  signals  at  various  sites  in  the  nervous 
syst-m  and  may  be  dependent  upon  efferent  suppression  from  higher  levels,  os  Groen  has  suggested  for  the  vestibuh  ,ystem 
(60)  and  as  others  have  suggested  for  other  systems  (p.  104  in  53).  That  individual  differences  in  decay  of  various  responses 
to  prolonged  sensory  stimuli  may  represent  idiosyncratic  differences  in  general  cotliecl  suppression  has  been  reviewed  by 
Reason  (76). 

2.  An  "attention  habituation"  whereby  familiar  stimuli  ore  processed,  classified  as  familiar  and  inconsequential,  and 
thus  no  real. ion  is  elicited.  Incoming  signals  are  categorized  and  compared  with  stored  information  with  minimal  conscious 
awareness.  The  perceived  current  situation  leads  to  arrexpectcd  range  of  inconsequential  messages,  and  messages  falling 
within  this  range  do  not  elicit  irrelevant  vestibular  reflex  activity  (except  when  there  is  extraneous  mental  arousal),  and  no 
perceptual  awareness.  Messages  outside  this  range  elicit  reflex  activity  and  perceptual  awareness.  Exposure  -.o  varied  condi¬ 
tions  of  motion  in  various  situations  involves  a  continual  updating  of  *ht  significance  r.f  messages.  This  process  is  presumed 

to  involve  more  complex  systems  than  those  involved  in  the  short-term  adoptive  change.  Its  functional  volue  is  thet  attention 
and  energies  are  not  expended  unnecessarily .  However,  heightened  mental  arousal  con  switch  off  »his  habituation  and  induce 
vestibular  reflex  action,  in  flight,  this  could  contribute  fo  undesirable  tension  at  a  time  when  fine  sensory-motor  coordina¬ 
tion  and  quick-decision  making  are  essential.  The  processes  proposed  ore  comparable  to  the  alerting,  focusing,  model- 
forming  proposed  by  Pribram  (53,  p.  87).  Studies  of  the  late  components  of  eorticcl  evoked  potentials  suggesting  that  they 
are  related  to  the  cognitive  significance  of  sensory  stimuli  (22,37,53)  also  provide  physiological  evidence  for  this  assumed 
process . 

3.  A  pattern  copy  process  whereby  repeating  sequences  ore  copied  fo  :ef  up  efficient  immediate  responses  ond  also 
efficient  rhythms  of  response  to  sequences  of  continuous  movement .  This  usually  involves  the  dropping  out  of  physiologically 
inefficient  actions,  such  at  generalized  muscle  tension,  end  unnecessary  cognitive  attention  to  actions  and  reactions.  This, 
therefore,  involves  on  updating  of  signals  which  is  parr  of  the  arousal  and  ottenfion  hobituafion  process. 

4.  Under  unusual  conditions  a  rearrangement  cf  sensory-perceptual  and  sensory-motor  relations  is  act-'cnded  by  the 
environmental  conditions  ond  the  individual's  tesk.  Rearrangement  is  o  learning  process.  If  is  facilitated  by  voluntary 
activity  ond  the  pairing  of  sensory  inputs  that  elicit  voluntarily  controlled  responses,  which  noturolly  suppress  or  facilitate 
responses  not  under  voluntary  control .  Under  such  circumstances,  the  establishment  of  new  sensory-metor  ond  sensory- 
perceptual  relations  is  facilitated. 

5.  Components  of  the  processes  involved  in  attention  hcbituotlon  ore  necessary  tond  those  involved  in  short-term 
adaptation  may  Le  necessary)  for  this  higher  order  (more  complex)  habituation.  The  lower  order  processes  which  effect  either 
the  reduction  or  reactivation  of  natural  responses,  permit  rapid  adjustment  of  behavior  to  rwvcl  sensory  inputs.  They  also 
serve  to  prevent  rapid  development  of  sensory-motor  rearrangements  that  would  be  maladaptive  in  most  natural  circumstances. 
Thus  it  is  assumed  that  attention  habituation  ond  suppression  moy  serve  fo  prevent  learning  of  rearrangements  by  preventing 
cortical  levels  of  awareness,  except  when  this  additional  stage  of  learning  is  demanded  by  the  task  ond  motion  environment. 

6.  Visual,  vestibular,  and  prop: inceptive  inputs  relevant  to  orientation  ond  motion  thet  ere  mutually  discordant  or 
that  involve  mismatches  between  reafference  ond  effercnct  copy  signify  cr,  emergency  condition,  which  elicits  emotional 
and  anxiety  reactions.  Individual  differences  in  the  magnitude  of  these  emotional  reactions  influence  the  rote  of  hcbituotlon 
by  the  various  mechanisms  proposed  above. 

V.  RELEVANCE  TO  SELECTION,  ASSIGNMENT,  A:  TRAINING  IN  AVIATION  SPECIALTIES 

Ir  the  preceding  sections,  evidence  hes  been  adduced  for  a  speculative  theory  which  proposes  that  emotional  reactions 
ara  connected  to  positioning,  movement,  ond  the  control  of  movement  in  various  stages  of  development  by  natural  condition¬ 
ing.  Conditioned  emotional  reactions  tc  control  of  movement  influence  personality,  motivation  (drive),  and  cognitive  devel¬ 
opment  including  abilities  with  spatial  relations  Other  factors  that  influence  personality,  including  inherited  character¬ 
istics,  also  influence  the  magnitude  of  emotional  reactions  fo  motion  stimuli.  The  developmental  stage  in  which  unfavcroslc 
corditioning  occur,  influences  later  odaptebilify  to  different  control  tasks  during  exposure  to  unnatural  motion.  Sensory  let— 
pu  s  relevant  fo  orientation  and  motion  that  arc  mutually  discordant  or  thot  involve  mismatches  between  reaffcrer.ee  end  cf- 
fercnce  copy  signify  on  emc'-geney  condition  which  elicits  emotional  and  cnxiety  reactions.  When  these  reactions  arc  exces¬ 
sive,  the  integrative  function  of  the  limbic  system  may  be  temporarily  disrupted.  These  excessive  reactions  ccn  be  detected 
by  the  Brief  Vestibular  Disorientation  Test  (BVDT)  which  produces  effects  ond  performance  change  suggestive  of  functions 
that  hove  been  oteribed  to  the  limbic  system  (37).  Excessive  emotionol  reactivity  to  control  of  motion  ir.  flight,  in  addition 
to  degrading  fine  motor  control  (2,  p  11160,  can  interfere  with  detecting  end  remembering  significant  components  of  *he 
stimulus,  ond  ieomins,  new  stirm.!us-respon>e  sequences  thot  ere  necessary  fo  free  the  higher  mentol  processes  for  higher -order 
decision  making  (cf.  37,  p.  126*  127).  Conditioning  procedures  con  reduce  the  emotionol  reactivity  to  diseoro’en?  motion 
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stimuli  ond  also  can  suppress  some  of  the  sensory  discordance.  To  some  extent  the  feasibility  of  these  procedures  from  o 
practical  point  of  view  depends  upon  the  individual  degree  of  emotional  reactivity  as  well  as  upon  the  presence  or  absence 
of  other  abilities  and  experience  thet  control  behavioral  effectiveness. 

Implications  for  Selection  ond  Assignment  o*  Flight  Personnel .  From  the  theoretical  position  presented,  it  is  not  surprising 
that  the  BVDT  (5,73)  and  otiier  similar  tests  (6)  have  Seen  found  to  be  vnlid  predictors  of  flight  failures  ond  attritions.  Re¬ 
cently  (73)  on  inverse  relation  has  been  found  between  BVDT  reactivity  scores  end  performance  requiring  both  vigilcnce  and 
short-term  recall .  This  supports  the  idea  th.  t  mental  function  important  to  flight  tasks  can  be  degraded  by  such  reactions. 

It  is  also  to  be  expected  that  some  personality  tests  would  correlate  with  the  BVDT,  ond  there  have  beei.  recent  findit.gs  of 
significant  correlations  (73),  although  crossvalidatioru  must  still  be  obtained  This  form  of  test  may  eventually  prove  useful 
in  personality  evaluation  for  a  broader  application. 

The  reaction  to  the  cross-coupling  effects  of  tilting  the  head  during  wnole-body  rotation  is  what  is  evaluated  by  dm 
BVDT.  in  this  stimulus  situation  it  is  primarily  the  semicircular  canal  reafference  that  is  mismotched  with  otolith  and  proptio- 
ceptor  signals  ond  with  efference  copy .  For  this  reason,  evaluation  of  vestibular  nystagmus  produced  by  simple  semicircular 
canal  stimulation  is  a  valuable  adjunct  to  the  BVDT.  During  suet,  testing  it  is  desirable  to  introduce  stimuli  ond  techniques 
that  permit  reliable  assessment  of  the  lower  order  adaptive  suppression  of  prolonged  reactions.  If  a  lack  of  suppression  here 
would  detect  the  absence  of  necessary  central  regulatory  processes  which  is  one  of  several  requisites  for  adapting  to  unnatural 
motion  according  to  Groen  (60),  then  this  test  would  detect  such  a  deficiency.  !t  might  prove  valuable  also  to  test  the  sup¬ 
pression  of  after-nystogmus  and  sensation  by  repositioning  and  by  visual  stimuli .  Each  of  thet?  tests  should  have  diagnostic 
potential  concerning  basic  requirements  for  higher  order  adaptation  and,  in  combination,  should  be  valuable  for  differenficl 
diagnosis  as  well  as  for  use  in  personnel  selection. 

Correlations  between  BVDT  scores,  spatial  relations  scores,  and  other  tests  of  flight  aptitude  are  to  be  expected  and 
have  been  found  (73).  However,  various  combinations  of  scores  on  various  tests  relating  to  flight  success  should  be  examined 
carefully  for  a  number  of  reasons.  Owing  to  differences  between  pilot  and  crew  in  regard  to  the  immediate  feedbock  and  con¬ 
sequences  of  their  control  actions  (cf.  Section  III  above),  it  is  not  unlikely  that  a  combination  of  traits  optimal  for  one  group 
will  be  less  than  optimal  for  the  other.  A  person  who  hos  success  in  sports  and  other  activities  that  reward  voluntary  control, 
of  highly  coordinated  motion  may  be  a  reasonably  strong  reactor  on  the  8VDT.  Early  stages  of  developmental  conditioning 
may  have  produced  an  emotional  reactivity  to  passive  morion.  However,  in  a  loter  developmental  stage  involving  voluntary 
movement,  rewards  for  voluntary  control  of  motion  may  combine  with  the  above-average  emotional  reactivity  to  yield  o  high 
motivation  for  voluntary  control  of  movement.  Seeking  challenges  in  the  voLntcry  control  of  motion  could  eventually  lead 
to  success  in  sports.  Such  a  person  might  show  a  fairly  strong  BVDT  r-ccrlon  because  the  voluntcry  head  movement  produces 
a  mismatch  between  efference  copy  and  ,-eafference,  thereby  challenging  the  volurtorv  control  of  behavior.  However,  the 
external  visual  reference  in  early  stoges  of  flight  training,  the  Individual’s  motivation,  ond  the  voluntary  initiation  of  actions 
that  control  sensory  feedback  in  the  piloting  task  may  be  a  favorable  combination  for  conditioned  suppression  of  the  ineffi¬ 
cient  reactions;  i.e.,  for  the  development  of  expectancies  or  models  thot  cancel  the  discord.  The  some  person  might  foil  as 
a  nonpiiot  flight  officer  whose  functions  would  be  important  to  the  long-range  miction  ond  safety  of  the  flight,  bur  whose 
cortrol  actions  would  in  no  way  control  the  immediate  response  of  the  aircraft  ond  whose  actions  would  be  carried  out  with¬ 
out  external  visual  reference.  For  such  reasons,  it  appears  likely  that  refinements  of  the  BVDT,  including  performance  test¬ 
ing  during  bofh  active  and  passive  motions,  may  provide  additional  predictive  capability,  including  the  potential  for  deter¬ 
mining  flight  assignment.  In  this  connection,  recent  BVDT  performance  test  results  have  shown  a  stranger  correlation  to 
nonpilot  flight  officer  criteria  *hon  these  for  pilot  trainees  (73). 

RelotioC  to  Training  Devices.  Instruction  on  disorientation  is  important  in  eviotion  because  anticipation  of  provocative  condi- 
rions  is  on  effective  countermeasure,  instructional  material  should  be  simpie  and  current  because  errors  con  challenge  the 
creditability  of  all  the  material  presented.  Flight  demonstrations  are  highly  desirable;  however,  this  section  is  primarily  ad¬ 
dressed  to  the  use  of  training  devices.  I*  is  important  to  moke  a  distinction  regarding  the  uie  of  these  devices  as  quick  demon¬ 
strators,  os  trainers  (including  simulators)  which  "save"  flight  time,  and  as  means  of  habituating  or  conditioning  the  individual . 
I.s  regard  to  demonstrators,  it  is  c  simple  ond  inexpensive  matter  to  set  up  a  device  Thot  wi!i  suffice  for  demonstrating  both 
disorientation  ond  some  factors  that  reduce  it.  The  cross-coupling  effects  of  tilting  the  heed  durin.,  rotation;  the  sensation  of 
no  rotation  during  rotation  and  conversely  of  sensed  rotation  when  stopped;  ond  the  perception  af  tiif  (relative  to  the  Eorth) 
when  in  fact  the  tilt  Js  relative  to  a  resultont  force  vector  can  oli  be  demonstrated  with  o  very  inex  ieraiv»  device.  The  some 
device  can  serve  to  demonstrate  how  the  expectation  of  rotation  can  leod  to  sensations  of  rotation  under  restricted  visual  con¬ 
ditions,  and  more  important,  how  external  visual  reference  con  reduce  disorienting  effects.  Because  the  magnitude  of  the 
disorientation  can  be  controlled,  it  is  entirely  feasible  to  demonstrate  cleorly  to  any  normal  person  thot  he  con  be  disoriented, 
that  inat«emion  enn  produce  disorientation  under  mild  conditions,  ond  thet  a  rcojor  part  of  disorientation  con  be  overcome. 

With  very  little  more  apparatus  expense,  it  can  be  demonstrated  that  flying  by  instruments  during  disorientation  is  not 
difficult  (when  emotional  tensions  are  not  involved),  and  if  would  cost  only  a  littie  more  in  time  to  demonstrate  that  two  or 
three  social  drinks  con  seriously  impair  normal  ability  fa  "fly  by  ;nstr>ments“  during  this  some  disorienting  stimulus.  All  cf  - 
these  things  con  be  done  without  major  equipment  expanse .  In  regard  to  trainers  ond  flight  simulatc-rs,  with  the  device  just 
mentioned,  it  would  be  possible  to  train  a  person  to  track  one  flight  instrument  ond  scon  others  during  disorientation.  Improve- 
meat  in  tracking  ability  could  double  as  a  selection  roeouTC .  Wherever  training  is  given  in  motion  devices  other  then  in  on 
aircraft,  however,  the  potential  n?  undesirAlt  transfer  of  training  is  present.  Such  devices,  therefore,  require  careful  con¬ 
sideration.  This  is  a  pedal  ly  'rue  of  simulators  ond  simulated  flight  profiles  involving  a  cockpit  mock-up  of  the  reel  aircraft. 
With  multi -degrec-of-fretdom  centrifuges,  it  is  not  uncommon  5o  very  position  of  the  mon  relative  to  the  resultont  of  the 
gravity  ond  the  centripetal  acceleration  components  in  order  to  simulote  o  fliefit  profile.  This  otwoys  introduces  cross¬ 
coupling  effects  thot  ore  different  from  those  which  would  be  experienced  in  the  actual  flight.  Here  the  degree  of  training 
end  stated  purpose  of  the  training  mey  be  quits  important.  The  simulator  sometimes  provides  o  core  difficult  flight  contra! 
task  that  does  the  aircraft;  urder  such  circumstances,  the  simulator  con  show  thot  the  "flight  job"  con  be  dene  under  difficult 
disorienting  circumstance- .  However,  on  extended  training  program  without  clarification  of  probable  differences  it.  the 
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simulated  and  real  flight  conditions  may  lead  to  difficulties  in  flight,  just  as  the  absence  of  inertial  feeaback  cues  led  to 
difficulties  in  experienced  pilots  with  the  visual  motion  simulators  (10,  p.  49).  The  current  knowledge  of  perceptual  and 
neuromuscular  effects  of  variation  in  magnitude  and  direction  of  lineor  acceleration  vectors  combined  with  inertial  torques 
of  various  magnitudes  and  direction,  though  advancing,  is  not  yet  to  the  point  where  predictions  of  reactions  can  be  mode 
with  confidence.  Because  of  its  direct  application  both  to  the  use  of  simulators  and  in  predicting  and  describing  reactions 
in  flight,  this  remains  an  important  area  for  additional  research. 

Hobituotion  of  Undesirable  Reactions.  In  Section  IV  it  has  been  indicated  that  many  of  the  undesirable  effects  of  sensory- 
motor  discordance  produced  by  unnatural  motion  can  be  decreased  by  various  habituation  procedures.  There  ore  several 
questions  about  the  practical  use  of  such  procedures.  First,  there  is  the  question  of  whether  or  not  hobituotion  will  transter 
from  the  conditioning  procedure  to  the  fliqht  environment.  This  hos  been  answered  affirmatively  but  tentatively  by  Dobie 
(77).  Still  a  question  remains  as  tc  which  is  the  most  efficient  procedure.  Based  on  theory  proposed  herein,  conditioning 
aimed  at  reduction  of  the  emotional  components  of  the  total  reaction  would  appear  more  desirable  than  reduction  of  the  mag¬ 
nitude  of  nystogmus  or  sensation  to  some  particular  stimulus.  However,  simoly  reaming  that  this  kind  of  specific  habituation 
is  possible  could  serve  to  reduce  emotional  tensions  in  flight,  which  would  then  enhance  favorable  adaptation  to  the  flight 
environment.  Exposure  to  c  variety  of  motion  conditions,  including  both  active  and  passive  notion,  would  seem  to  be  desir¬ 
able  on  the  basis  of  developing  learning  sets  (cf.  12,  p.  77f ).  This  seems  to  be  the  procedure  followed  by  Russian  scientists 
in  preparing  airmer  and  spacemen  for  frights  (78).  However,  let  us  speculate  on  a  procedure  for  reducing  reactions  to  un¬ 
natural  motions.  A  device  with  several  degree»-of*freedom  con  be  used  to  closely  control  the  magnitude  of  discordance 
introduced  by  o  variety  of  motion  stimuli.  The  occurrence  of  passive  stimuli  con  be  forewarned  by  a  signal  tone,  ond  exces¬ 
sive  physiological  reactions  can  be  signaled  through  other  cbonnels  to  the  trainee  and  to  the  examiner .  Methods  of  bringing 
physiological  reactions  under  voluntary  control,  comparable  to  those  in  current  use  (19-21),  should  be  included  and  explained 
to  the  trainee.  Control  of  groded  passive  motion  stimuli  should  be  kept  within  tolerance  limits,  measured  by  the  magnitude 
of  subjective  and  physiological  reactions.  Active  control  of  groded  passive  movements  should  also  be  provided,  first  with 
external  visuol  reference  to  reduce  discordance  ond  later  with  limited  internal  visual  reference.  Under  the  latter  condition, 
an  instrument  tracking  task  should  be  introduced  to  distract  attention  from  disturbing  sensation  and  to  build  confidence  in 
visual-motor  control  during  disorientation.  In  addition,  some  tesks  involving  voluntary  heod  movements  during  passive  motion 
should  be  introduced,  first  during  EVR,  end  then  during  IVR  condition,  in  time,  the  magnitude  of  stimuli  should  be  increased 
and  eventually  the  wart.ing  signals  omitted.  With  such  techniques  it  seems  likely  that  a  number  of  people  could  be  trained 
to  reduce  erm..<onai  reactions  ond  tensions  caused  by  unnatural  motion  ond  to  improve  concentration  on  the  control  flig  t  task. 

A  second  practical  question  pertains  to  the  cost  of  «uch  conditioning-  In  its  most  eioborate  form  it  would  be  expensive 
at  the  outset  ond  wouid  probably  never  be  practical  for  routine  use,  especially  with  individuals  who  da  not  otherwise  possess 
favorable  indices  of  flight  cptitude.  Likewise,  individuals  with  exceptional  BVDT  reactions  or  without  some  of  the  basic 
requisites  for  adaptation  to  motion  may  be  poor  prospect,  for  such  conditioning  procedures.  However,  for  these  individuals 
who  do  appear  to  be  otherwise  favorable  prospects,  some  form  of  additional  training  of  this  nature  may  be  both  feasible  ond 
valuable.  Pilots,  pilot  candidates,  ond  flight  personnel  who  encounter  difficulty  in  the  course  of  training  can  probably  be 
helped  when  they  are  highly  motivated  to  fly  and  when  they  hove  the  necesscry  basic  skills  for  their  jobs. 

c!vlng  is  regard-  d  os  a  challenge  by  most  people.  A  large  percentage  of  the  talcs  we  recount  involve  either  something 
we  thinx  we  hove  don  :  particularly  well  or  some  hordship  or  danger  we  have  survived.  A  degree  of  o->xiety  may  be  desirable 
in  a  flight  candidate,  especially  when  it  is  a  sign  of  a  conscientious  person  whe  is  willing  to  pursue  a  challenging  goal. 
Skilled  athletes  ore  sometimes  sick  before  or  after  a  record- etting  performance.  The  problems  of  selection,  placement, 
routine  training,  ond  speciol  training  arc  closely  interrelated. 
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DISCUSSION 


The  discussion  following  chis  paper  was  concerned  mainly  with  the  use  of  disorientation  training 
devices.  Dr  Cuedry  distinguished  between  the  demonstration  of  disorientation  and  the  use  o£  simulator 
like  devices  which  might  be  used  to  ’save'  flight  time.  He  regarded  the  brief  demonstration  of  the 
false  sensations  which  can  be  produced  in  simple  devices,  such  as  that  to  be  described  by  Dr  Collins, 
as  highly  desirable,  though  he  was  in  agreement  with  the  opinion  of  Croup  Captain  Dcbie  that  there  was  no 
substitute  for  flight  experience.  He  took  a  more  cautious  attitude  towards  dynamic  simulators  which  he 
considered  might  give  rise  to  an  undesirable  transfer  of  training,  especially  if  an  extended  training 
prograuoc  were  to  be  carried  out  in  such  a  simulator  without  the  aviator  having  a  clear  understanding  of 
the  differences  between  simulated  and  real  flight  conditions. 

The  use  of  the  Brief  Vestibular  Disorientation  Test  (BVDT)  was  also  discussed.  Dr  Guedry  explained 
that  the  BVDT  assessed  a  broader  dimension  of  individual  differences  than  'sensitivity  to  vestibular 
stimulation'.  Failure  and  attrition  in  flying  training  which  correlated  with  high  reactivity  on  the 
BVDT  could  not  be  attributed  simply  to  difficulty  in  coping  with  orientational  problems  ir  flight. 
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PRACTICAL  TECHNIQUES  FOR  DISORIENTATION  FAMILIARIZATION 
AND  THE  INFLUENCE  OF  VISUAL  REFERENCES  AND  ALCOHOL 
ON  DISORIENIATION-REIATED  RESPONSES 
by 

William  E.  Collins,  Ph.D. 

Chief,  Psychology  Laboratory 
Civil  Aeromedical  Institute,  FAA 
Oklahoma  City,  Oklahoma 
U.S.A. 


SUMMARY 

Techniques  and  procedures  for  providing  on-the ‘ground  familiarization  of  aviation  personnel  with  dis¬ 
orientation  problems  are  spelled  out  in  detail.  The  techniques  have  been  used  with  notable  success  both 
at  the  Civil  Aeromedical  Institute  and  in  the  field.  They  are  relatively  inexpensive;  effective  both  for 
participants  and  observers,  and  arc  readily  accepted  by  flyers  as  pertinent  to  the  aviation  situation. 

The  extent  to  which  disorientation  is  affected  by  the  type  of  visual  information  available  to  the  pilot  is 
examined  under  normal  conditions  and  when  alcohol  is  involved;  ways  of  demonstrating  the  deleterious 
effects  of  alcohol  arc  described. 
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A  number  of  general  aviation  pilots  in  the  United  States  arc  unaware  of  the  potential  hazards  of  dis-  . 
orientation  or  vertigo,  and  many  feel  that  they  are  Immune  to  these  undesirable  aspects  -of  flying.  The 
major  basis  for  this  lack  of  experience  is  not  immunity  but  the  fact  that  most  U.S.  general  aviation  pilots 
are  "weekend  pilots"  (i.c. ,  infrequent  flyers  who  rarely  fly  under  anything  other  than  good  VFR  condi¬ 
tions).  Contributing  to  the  latter  is  the  fact  that  the  vast  majority  of  U.S.  private  pilots  (about  96 
per  cent  in  1969) 1  do  not  have  Instrument  ratings,  and  many  who  are  so  rated  do  not  maintain  instrument 
proficiency.  Since  disorientation  and  "pilot's  vertigo"  arc  most  likely  to  occur  under  IFR  conditions, 
there  is  considerable  danger  in  the  feeling  of  security  that  pilots  may  develop  regarding  their  ability 
not  to  suffer  disorientation— a  feeling  that  may  be  reinforced  as  a  result  of  each  VFR  flight  in  which 
disorientation  does  not  occur.  In  addition  to  those  general  aviation  accidents  which  can  be  attributed 
directly  to  spatial  disorientation,  this  unfortunate  conviction  is  a  possible  contributing  cause  in  many 
of  the  NTSB  fatal  accident  reports  which  indicate  that  the  pilot  "continued  VFR  flight  into  adverse  weather 
conditions." 

The  purpose  of  this  report  is  to  explain  our  approach  to  familiarizing  aviation  personnel  with  the 
hazards  of  disorientation  and  to  provide  suggestions  for  use  in  other  training  programs.  It  is  important 
to  note  that  our  methodology  is  not  designed  to  train  pilots  so  that  they  will  he  immune  to  disorientation 
problems  (no  one  with  a  normal  vestibular  system  is  iztaune),  but  only  to  familiarize  them  with  many  of  the 
unusual  and  false  perceptions  of  vestibular  origin  which  can  occur  in  flight,  and  to  impress  upon  them  the 
Importance  of  obtaining  an  instrument  rating  and  of  maintaining  instrument  proficiency. 

OUR  BASIC  TECHNIQUES  FOR  DISORIENTATION  FAMILIARIZATION 

We  place  considerable  emphasis  on  the  interaction  of  the  various  sensory  systems,  particularly  those 
of  vision  and  the  semicircular  canals.  Since  the  pilot  almost  invariably  has  soma  visual  frame  of  refer¬ 
ence  (e.g.,  if  nothing  else,  at  least  the  cockpit  interior),  his  inflight  experience  with  disorientation 
will  involve  vision  in  some  way.  This  is  also  one  of  the  major  reasons  why  the  traditional  demonstration 
in  the  Barany  chair  is  frequently  not  as  effective  as  it  might  be;  the  subject  is  either  blindfolded  or 
shuts  his  eyes,  is  rapidly  whirled,  and  is  asked  to  make  a  head  movement.  The  resulting  sensation 
(Coriolis  illusion)  is  usually  striking,  but  appears  to  have  little  relation  to  the  problems  that  night  be 
encountered  by  a  pilot  In  flight. 

The  Apparatus 

Our  first  approach  to  providing  adequate  disorientation  demonstrations  involved  a  simple  modification 
of  a  rotating  device.  Specifically  (a)  a  partial. enclosure  (sec  Figure  1)  was  introduced  around  the 
upper  part  of  a  motor-driven  rotating  chair  (a  Stillc-Wcsner  RS-3  Rotation  Device),  and  (b)  a  removable 
headrest  (which  could  be  rotated  uffe'ard)  was  fabxicatcd  with  adjustable  angled  side  pieces  to  control  the 
amount  of  lateral  head  movement.  The  enclosure  comprised  a  simple  light-weight  petal  frame  of  two  pieces 
that  could  be  bolted  to  the  back  of  the  headrest.  The  entire  inside  of  the  frame  (and  the  facing  of  the 
headrest)  was  coated  with  luminous  paint  and  then  sprayed  with  clear  cnamol  as  a  radiation  safety  pre¬ 
caution.  Since  the  front-piece  extended  only  halfway  up  the  height  of  the  frame,  Che  ridor  had  a  “window” 
through  which  he  could  obaerve  a  set  of  three  tiny  lights  which  simulated  an  "approaching  aircraft"  (red 
and  green  "wing-tip"  lights  and  a  flashing  red  "rotating  beacon").  The  lights  were  imbedded  in  a  small 
plastic  frame  which  was  attached  to  the  end  of  a  rod.  The  base  of  the  rod  was  secured  to  the  rider’s  foot¬ 
rest  and  extended  upward  •  *  «vay  from  him  at  a  slight  angle.  A  p<vc;  source  for  the  lights  was  located 
behind  the  chair. 

Familiarization  Procedure 

Prior  to  rotation,  the  pilot  is  instructed  to  keep  his  head  and  body  very  still  during  the  demonstra¬ 
tion  until  he  is  asked  to  do  otherwise.  An  outline  and  depletion  of  the  complete  sequence  of  procedural 
events  and  the  concomitant  subjective  reactions  appear  In  Figure  2.  In  caking  lateral  head  movements 
(30°-4S°),  he  is  instructed  to  keep  the  back  of  his  head  against  the  headrest  and  simply  to  slide  his  head 


figure  l.  Modifications  of  a  rotating 
device  to  control  head  movements  and  to 
introduce  on  aviation-related  visual 
environment.  Tho  rod  extcnoir.g  upward 
from  the  foot  rest  terminates  in  a  plastic 
panel  which  contains  three  tiny  lights  (a 
red  and  a  green  "wing-tip"  light  and  a 
flashing  red  "beacon")  simulating  an 
approaching  aircraft.  (The  chin  rest 
depicted  here  is  used  for  research  rather 
than  demonstration  purposes.)  The  major 
section  of  a  "cabin"  has  been  bolted  to 
the  back  of  the  headrest;  its  base  is 
further  supported  by  small  metal  exten¬ 
sions  projecting  outward  from  the  arms  of 
the  chair.  An  "instrument  panel"  (not 
shown  here)  is  bolted  across  the  lower 
halt  of  the  front  of  the  "cabin";  the 
upper  half  of  the  "cabin"-front  then 
becomes  a  "window"  for  viewing  the 
"approaching  aircraft"  (see  also  ref.  6). 
The  interior  cf  the  "cabin"  was  coated 
with  luminous  paint. 


laterally  until  his  check  or  temple  touch  the  side-piece  of  the  headrest.  The  head  movement  is  to  be 
made  briskly  and  is  to  involve  no  body  movement,  i.e.,  the  axis  about  which  the  head  is  to  move  is  desig¬ 
nated  as  around  the  "Adam’s  apple."  The  rider  is  told  that  he  will  be  asked  questions  during  the 
demonstration,  which  will  be  conducted  in  darkness.  He  is  to  describe  his  experience  as  accurately  as 
he  can. 

Acceleration.  Room  lights  are  turned  off  and,  since  the  room  is  light-proof,  the  pilot  can  see  only 
the  "approacnlng  aircraft,"  framed  through  his  "window,"  and  the  dimly  lit  interior  of  his  "cabin”: 
nothing  else  in  the  room  is  visible  to  him.  After  a  few  seconds,  observers  in  the  -oom  can  sec  the  pilot 
dimly  outlined  against  the  luminous  "cabin." 

The  pilot  is  asked  to  report  the  osjset  of  his  experience  of  motion  and  his  direction  of  turn.  A 
smooth  clockwise  acceleration  of  5°/sec“  for  18  seconds  is  then  applied.  During  the  acceleration  period, 
the  pilot  IS -asked  If  his  speed  is  changing  at  all.  He,  of  course,  replies  that  his  turning  speed  to  the 
right  is  increasing.  He  is  then  requested  to  indicate  any  further  change  in  direction  or  in  speed. 

Constant  Velocity.  After  the  18-sccond  acceleration  period,  a  constant  turning  velocity  (15  rpa)  is 
maintained.  A  few  seconds  after  reaching  constant  velocity  the  pilot  reports  a  slowing  of  his  turning 
rate  (if  he  docs  not  report  spontaneously,  he  is  asked  about  it).  Within  another  5-10  seconds,  he  indi¬ 
cates  that  he  no  longer  feels  turning,  i.e.,  that  ho  is  motionless.  Shortly  after  this,  some  riders 
report  a  slight  turning  sensation  In  the  opposite  direction  (a  secondary  sensation).  This  apparent  motion 
to  tho  left  is  a  normal  experience  and,  when  the  pilot  spontaneously  notes  it,  a  strong  impression  is 
usually  made  on  the  observers.  (Tho  secondary  sensation  is  considerably  veakc.  than  that  experienced 
during  acceleration  and,  in  most  cases,  docs  not  last  longer  than  a  few  (10-15)  seconds;  in  other  cases, 
it  may  be  quite  persistent  and  last  for  well  over  30  seconds.) 

Some  individuals  fail  to  report  that  tn'-ir  initial  turning  sensation  ever  ends  following  the  accel¬ 
eration;  all  report  a  clear  slowing  down  of  the  turning  experience,  but  some  will  maintain  that  they 
continue  to  feel  very  clow  movement  to  the  right.  (Note:  This  perception  is  probably  unrelated  to 
sensing  the  actual  turn;  these  sane  individuals  often  report  similar  prolonged  turning  experience  while 
actually  stopped  following  deceleration.)  In  any  event,  after  the  first  30  seconds  of  constant  velocity, 
the  vestibular  system  has  returned  from  a  stimulated  condition  to  sufficiently  near  its  normal  "ar  rest" 
state,  to  allow  head  movement*  to  be  introduced.  In  order  to  maximize  the  "Coriolis  vestibular  effects" 
produced  by  these  head  movements,  it  is  important  to  allow  sufficient  time  between  them,  as  well  as 
between  the  end  of  the  acceleration  and  the  start  of  the  head  movement.  Mote  that  the  direction  of  the 
illusory  experiences  (e.g.,  ’’pitching  up”)  speciff  d  below  arc  for  O’  rotation;  the  directions  arc  reversed 
during  CCrf  rotation. 
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©-*(§)  Roiotof  oi  standstill. 

®+©  CW  occclerotion  (5*/sec2  for  18  see). 

Subject  detects  start  of  turning,  direction  of  turn  (to  the  right),  and  increasing  velocity. 
©-©  Period  of  constant  velocity  ot  15  rpm. 

©-♦©  Subject  perceives  velocity  of  right  turn  diminishing  ond,  finally,  oil  turning  sensations  ceose. 
©-♦©  Subject  mokes  head  movements  upon  given  signals. 


Head  movement:  Upright 


Tilt  Return  to  Tilt  Return  to  Upright 
Right  Upright  Forward  Upright 
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Sensation: 


Level  Climb 


Dive  Roll  to  Roll  to  Level 
Right  Left 


©"*©  CW  deceleration  (5V sec2  for  18  sec). 

Subject  detects  start  of  turning,  direction  of  turn  (to  the  left),  ond  increasing  velocity. 

©-*©  Rototo.  ot  standstill. 

Subject  perceives  velocity  of  left  turn  diminishing  ond,  finally,  oil  turnmg  sensations  ceose. 


Figure  2.  Outline  of  the  procedure  for  the  CAM  I  disorientation  demonstration,  the  entire  procedure  is 
conducted  with  the  subject  able  to  see  only  the  "cabin"  which  surrounds  him  and  the  "approaching  aircraft." 
Note  that:  (1)  The  sensations  are  reversed  if  CCW  rotation  is  used;  (2)  returning  the  head  to  upright 
from  a  tilt  to  the  right  is  equivalent  to  tilting  the  head  to  the  left;  (3)  at  least  30  seconds  should  be 
allowed  between  head  movements;  (4)  the  sensation  experienced  as  a  result  of  deceleration  is  directionally 
opposite  that  resulting  from  the  acceleration  and  is  pcrcc.vod  as  a  speeding-up  rather  than  a  slowing 
down. 


Head  Movements.  The  pilot  is  reminded  about  how  to  make  the  head  movement  and  is  asked  to  tilt  his 
head  to  the  right  at  Che  count  of  "three"  (and  to  hold  it  there),  and  then  to  report  what  he  experiences. 

The  count  is  made  and  the  subject  tilts  his  head.  The  sensation  is  one  of  pitching  up  (snaetimes  up  and 
to  the  right).  The  pilot  is  asked  how  many  degrees  "up"  (between  20°-60°  in  most  cases),  and  whether  he 
"saw"  the  whole  "cabin"  pitch  up  with  him  and  the  "approaching  aircraft"  climb  with  him.  It  is  important 
to  note  that  this  Coriolis  reaction  is  not  a  simple  feeling  of  tilt;  the  rider  experiences  a  change  in 
attitude  (pitching  up,  for  example)  and  an  acceleration  in  that  direction.  Moreover,  he  net  only  "feels" 
a  body  motion,  but  his  visual  information,  the  "cockpit,"  and  the  "approaching  aircraft"  all  change  attitude 
in  a  corresponding  manner.  Some  pilots  also  report  sensations  of  pulling  positive  "G." 

The  sensation  of  pitching  up  and  climbing  has  a  sudden  onset  and  then  gradually  decays,  i.o.,  the 
pilot’s  apparent  rate  of  climb  decreases  and  he  gradually  returns  to  a  "straight  and  level"  condition. 

The  amount  of  time  required  for  this  return  can  vary  considerably  among  individuals  but  in  any  event, 
after  6n  seconds  (but  no  less  than  30  seconds,  even  if  the  pilot  indicates  "straight  an a  level"  earlier) 
a  signal  for  the  rcturn-to-upright  head  movement  (this  is  equivalent  to  a  left  tilt  of  she  head  from  an 
upright  position)  is  given.  The  rider  is  usually  warned  that  the  sensation  access p3 trying  this  head  move¬ 
ment  is  likely  to  be  somewhat  stronger  than  that  resulting  from  his  tilt  to  the  right  (."or  terrain 
physical  and/or  psychological  reasons,  it  almost  invariably  is). 

The  signal  is  given  and  the  pilot  briskly  moves  his  head  to  upright  from  its  tilted  position;  his 
sensation  is  -*ic  of  diving  (sometimes  down  and  to  the  right) .  Again  he  is  asked  how  many  degrees  of 
"dive”  he  experienced  (between  30°-9P°  in  most  cases)  and  whether  the  "cabin”  and  the  approaching  aircraft 
"dove"  with  him.  This  rcturn-to-upright  head  movement  occasionally  produces  sensations  similar  to 
negative  "G"  in  experienced  pilots.  (Again,  it  should  be  noted  that  the  experience  is  not  one  of  steple 


tilt  forward,  but  of  accelerating  downward,  and  the  “cabin"  appears  visually  to  be  displaced  ond  "diving" 
in  that  sarie  direction.) 

After  30>60  seconds  elapse  following  the  head  movement,  nodding  motion*  are  introduced.  Here,  the 
rider  is  Instructed  to  look  toward  the  floor  or  at  his  lap  (as  though  he  were  seeking  a  dropped  pencil) 
by  simply  dropping  his  chin  toward  his  chest  (i.e.,  by  moving  only  his  head).  As  with  the  other  head 
movements,  he  is  to  hold  his  head  in  that  anteve'rted  position  until  signalled  to  return  it  to  upright. 

The  questions  and  timing  are  similar  to  those  presented  above  for  lateral  tilt*  but,  in  this  case,  the 
pilot  perceives  roll  of  his  aircraft  to  the  right  as  a  result  of  the  forward  movement  of  his  head,  and 
roll  to  the  left  upon  returning  his  head  to  upright.  It  is  sometimes  necessary  to  clarify  a  rider's 
description  of  these  experiences;  some  report  a  "turning"  to  the  right  or  left,  but,  if  questioned,  they 
indicate  that  it  is  not  a  sensation  in  the  yaw  plane,  but  rather  in  the  roll  plane,  i.e.,  as  though  about 
a  barbecue  spit. 

(Note  that  the  head  movement  should  be  straight  forward  and  back,  not  at  an  angle,  just  as  the 
lateral  tilts  should  not  involve  twistii^,  of  the  head.  This  recoeuended  approach  orients  the  semicircular 
canals  in  such  n  way  that,  for  the  most  part,  the  sensations  and  visual  impressions  are  relatively  pure 
rolls  and  (vertical)  climbs  and  dives.  Subjects  who  move  their  heads  differently  have  sensations  which 
tend  to  be  more  complex,  e.g.,  spiraling  down  and  to  the  right,  and  therefore  less  simple  for  them  to 
describe  and  moro  difficult  for  the  instructor  to  predict  with  eccuracy.) 

Sensations  generated  by  the  last  (retum-to-upright)  head  movement  are  allowed  to  dissipate  for  the 
usual  30-60  second  period.  At  the  end  of  this  time,  the  vast  majority  of  riders  perceive  themselves  as 
"straight  and  level"  and  still  experience  no  turning  sensation. 

Deceleration.  Prior  to  initiating  t*>e  deceleration,  the  pilot  is  told  that  he  is  turning  to  the 
right  (although  he  is  not  experiencing  that  turn)  and  will  very  soon  be  slowed  down  in  that  same  direc¬ 
tion,  and  brought  to  a  complete  stop.  (This  gives  the  pilot  intellectual  information  about  whet  will 
transpire.)  However,  he  is  to  report  when  he  feels  motion,  in  which  direction  he  perceives  his  turn,  and 
is  to  give  a  running  account  of  his  experiences  (i.e.,  to  indicate  when  he  is  going  faster,  when  he  begins 
to  s low  down,  and  when  he  fcelc  that  he  is  stopped). 
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A  smooch  deceleration  of  5  /sec  for  18  seconds  is  then  applied.  If  the  pilot  neglects  to  indicate 
that  he  detects  motion,  he  is  asked;  he  is  then  asked  the  direction  and  whether  or  not  he  is  turning  at 
a  faster  or  at  a  slower  rate  (his  experience  is  that  of  turning  faster  and  faster  to  the  left,  although 
he  is  actually  slowing  down  in  a  right-hand  turn,  and  he  reports  maximum  turning  velocity  at,  or  very 
shortly  after,  reaching  a  complete  stop).  He  then  experiences  a  gradual  slowing  down  and,  after  5-20 
seconds  at  a  complete  standstill,  finally  feels  stopped.  Room  lights  are  then  turned  on  and  the  demon¬ 
stration  Is  terminated. 


Some  Ccutlons 

Too  many  head  movements  and  higher  turning  velocities  can  cause  the  rider  considerable  disccmfort 
and  can  letd  to  motion  sickness;  hence,  the  four  movements  noted  above,  at  the  turning  rate  specified, 
are  usually  sufficient  to  provide  an  adequate  appreciation  of  disorientation  problems.  It  is  worthwhile 
to.  inquire  of  the  pilot  following  the  first  or  second  movement  whether  or  not  he  feels  comfortable.  A 
very  few  individuals  (considerably  less  than  10  per  cent)  oiy  experience  early  symptoms  of  motion  sickness 
("stomach  awareness, "  sweating,  coldness,  very  slight  headache,  etc.).  If  riders  report  discomfort,  or 
If  they  Indicate  that  the  demonstration  should  be  discontinued,  they  should  be  asked  to  keep  their  heads 
very  still  (irven  if  in  a  tilted  position)  and  should  not  be  requested  to  make  additional  head  movements; 
the  rotation  device  should  rhen  be  brought  to  a  gentle  stop.  The  rider's  head  should  remain  motionless 
for  an  additional  30  seconds  after  the  device  is  stopped. 

There  arc  no  formal  data  which  indicate  that  pilots  might  be  "sensitized"  to  experience  disorienta¬ 
tion,  discomfort,  or  motion  sickness  ir.  flight  following  a  demonstration  such  as  that  outlined  above. 
However,  too  many  head  movements  during  rotation  (or,  in  some  few  individuals,  the  four  movements  described 
above)  may  produce  a  mild  feeling  of  unease  that  might  last  for  several  hours.  As  a  general  rule,  there¬ 
fore,  It  is  advisable  for  riders  who  feel  no  ill  effects  following  the  familiarization  experience  to 
abstain  from  flying  for  at  'east  one  hour;  where  possible,  the  demonstration  might  best  be  given  on  a  day 
when  the  pilot  is  not  going  tc  fly  at  ail.  In  any  event,  if  a  rider  suffers  discomfort  or  any  stage  of 
motion  sickness  during  the  familiarization  (this  is  unlikely),  he  might  best  not  fly  at  all  that  dev. 

There  Is  a  relation  between  the  intensity  of  tne  sensations  occasioned  by  the  head  tilts  and  the 
amount  and  speed  of  the  movements.  Thus,  a  very  slro,  cautious,  heed  tilt  of  just  a  few  degrees  vill 
elicit  a  relatively  weak  sensation  whereas  a  head  tilt  of  average  speed  through  a  greater  arc  will 
produce  a  much  stronger  response.  Adequate  disorientation  experiences  can  be  accomplished  with  tilts  of 
30°-43°  when  the  head  movements  are  nao'e  briskly. 

It  is  important  to  note  chat  experiences  of  turning  and  Coriolis  sensations  are  both  markedly 
affected  by  the  type  of  visual  information  available.  For  example,  if  the  vails  of  the  room  arc  visible 
during  rotation,  that  visual  information  will  change  the  character  of  the  Coriolis  sensation  -  the  cockpit 
will  not  appear  to  pitch  or  roll  and  the  vestibular  sensations  will  be  characterized  by  discomfort  rather 
than  by  displacement  and  acceleration.  In  a  sense,  the  vestibular  information  ia  modified  and  made  Ca 
agree  with  the  visual  data  (when  the  latter  concerns  objects  fixed  relative  to  the  earth). 

Advantages 


The  apparatus  and  procedures  noted  above  provide  the  pilot  with  a  disorientation  familiarisation 
experience  that  is  considerably  more  meaningful  than  the  usual  Barany  chair  demonstration.  The  pilot  has 
an  opportu’-  -  *o  receive  correct  information; free  hi*  potion-detecting  system  (during  acceleration)  and 
then  can  e.  -•  .tnce  the  failure  of  the  syster  to  provide  accurate  information  during  the  remaining  phases 
of  the  demonstration.  The  Coriolis  effects  arc  perceived  in  a  more  appropriate  perspective  when  the  head 
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movements  are  made  within  the  lighted  "cabin"  and  the  powei  o*  this  form  of  disorientation  is  better 
appreciated  when  the  pilor  not  only  "feels"  a  false  change  of  attitude  and  acceleration,  but  also  "sees" 
it  occurring.  The  interaction  between  the  visual  and  vestibular  systems  and  the  manner  in  which  the 
visual  information  is  made  to  agree  with  the  vestibular  sensations  (when  the  visual  objects  are  not  fixed 
relative  to  the  earth)  is  a  very  significant  feature  of  this  type  of  familiarization.  All  of  these  sensa¬ 
tions  are,  of  course,  referred  back  to  the  lectur.  material  >o  that  the  pilot  will  understand  what  has 
happened  and  whv. 

The  fact  that  the  device  does  not  tilt  or  move  in  any  plane  other  than  yaw  seems  to  be  an  advantage. 

It  appears  to  intensify  the  impression  made  on  the  pilot  when  he  sees  that  the  device  "only  turns," 
although,  os  a  rider,  he  txperionoed  clear  pitching  and  rolling  sensations. 

When  done  as  described,  i.e.,  in  a  light-proof  room  with  the  pilot  reporting  his  experiences,  respond¬ 
ing  to  questions,  and  visible,  the  demonstration  is  not  only  effective  for  the  rider,  but  also  holds  the 
interest  of  spectators  while  providing  them  with  a  learning  experience.  A  most  desirable  situation  {s  to 
provide  at  least  two  of  the  group  with  the  familiarization  experience;  this  procedure  allows  the  initial 
pilot  to  see  exactly  what  the  stimulus  conditions  were,  permits  an  iuterenange  between  the  two  (or  more) 
riders  regarding  their  experiences,  and  frequently  provides  the  spectators  with  some  notion  of  t'.,e  individ¬ 
ual  differences  in  disorientation  experiences  (e.g.,  a  45°  "dive"  vs.  a  9C°  "dive”)  as  Well  as  differences 
among  suujects  In  their  reaction  to  the  Coriolis  effects  (suae  subjects,  for  example,  -ill  beccre  extremely 
excited,  others  will  simply  appear  to  tense  up,  white  others  enjoy  it).  Almost  every  pilot  who  *  as  ridden 
in  the  device  has  indicated  that  everyone  who  flies  ought  to  have  this  experience. »^> 


Figure  3.  The  CAMI  Disorientation  Device.  The  chair  from  the  basic  Stilic- 
Werncr  RS-3  Rotator  (see  Figure  1)  was  removed  and  was  replaced  by  a  ‘datively 
light-weight  "cockpit"  fabricated  by  the  CAMI  Technical  Staff.  The  canopy  is 
made  of  molded,  clear  plexiglass.  A  small  light  source  mounted  in  the  instru¬ 
ment  panel  is  directed  at  the  subject  and,  with  the  room  in  total  darkness, 
permits  observers  to  sec  the  subject  but  the  latter  can  see  only  the  interior 
of  the  "cockpit"  and  the  lights  of  the  "approaching  aircraft"  (mounted  on  the 
"fuselage").  The  headrest  depicted  here  is  padded,  has  fixed  side  pieces,  and 
can  be  adjusted  vertically. 

A  Modification  of  our  Apparatus.  For  purposes  primarily  related  to  research,  tnc  basic  Sti ilc-Wcrner 
Rotation  Device  was  modified  by  the  CAMI  Technical  Staff  by  removing  the  standard  chair  and  installing  a 
cockpit  seat  and  a  lightweight  "cockpit"  with  a  door  and  plastic  canopy  which  totally  encloses  the  seated 
pilot  (sec  Figure  3).  a  light  source,  located  in  the  "instrument  panel,"  serves  to  light  dimly  tbe 
interior  of  the  "cockpit";  the  rider  can  then  be  viewed  by  spectators  in  a  totally  dark  room,  but  cannot 
hifcself  see  them.  An  "approaching  aircraft"  (the  triad  of  red  and  green  lights)  was  install-d  In  the 
center  of  a  small  device  on  the  fuselage  which  the  pilot  C3n  sec  dimly  through  the  oiastic  canopy  (see 
Figure  A).  The  functioning  of  the  apparatus  so  modified  is,  of  course,  not  different  from  out  first  model 
(although  Che  aviation-orientation  of  our  demonstration  is  improved),  and  the  procedures  for  disorienta¬ 
tion  familiarization  detailed  above  are  the  same  with  one  exception*  either  an  inter-car  is  required,  or 
the  canopy  mist  be  raised  an  inch  or  two  to  permit  eosmsunicatlon  between  the  rider  and  the  instructor. 

OTHER  APPROACHES  TO  DISORIENTATION  FAMILIARIZATION' 

The  Vcrtigon 

During  a  visit  to  CAMI,  engineers  (and  pilots)  from  Flight  Products,  Incorporated  (MocnachU.  New 
Jersey)  were  given  the  CAMI  disorientation  demonstration  and  became  convinced  that  the  experience  could  be 


Figure  4.  The  Vertigon.  The  subject  is 
totally  enclosed  in  this  rotating  device 
and  a  sound  movie  depicting  a  flight  from 
engine  warm-up  through  a  landing  approach 
is  projected  on  the  "windshield."  The 
control  system  for  the  Vertigon  is  simple, 
compact,  and  easy  to  operate 


of  benefit  to  all  pilots.  They  agreed  to  build  an  instrument  to  be  used  Specifically  as  a  familiarization 
tool  and  were  provided  with  basic  specifications  ana  timing  procedures. 

The  Vertigon  (see  Figure  4)  totally  encloses  the  pilot  in  a  one-place  "cockpit"  and  provides  reason¬ 
ably  smooth  angular  accelerations  and  decelerations.  Sound  movies  projected  on  the  windshield  depict  a 
flight  from  engine  start  through  taxi,  take-off,  climb,  and  bank  into  clouds  (where  the  head  movements 
occur);  following  the  period  of  head  movements  while  "flying  1FR,"  the  plane  breaks  out  of  the  clouds  and 
begins  a  landing  approach.  The  sornd  portion  of  the  film  gives  sn  introduction  to  the  problem  of  vertigo, 
indicates  the  possible  thought  prjcosscs  of  a  pilot  choosing  to  fly  through  clouds,  adds  realism  to  the 
head  movements  by  having  the  pilot  make  some  of  them  by  performing  tasks  (such  as  reaching  for  a  pencil 
and  writing,  on  a  pad  in  his  lap,  a  simulated  air  traffic  clearance,  then  returning  the  pencil),  emphasizes 
how  powerful  the  Illusory  effects  are  (while  assuring  the  rider  that  he  is  still  straight  and  level),  and 
indicates  that  only  the  instruments  can  provide  the  pilot  with  correct  information.  The  sound  track 
concludes  by  encouraging  the  pilot  to  earn  an  instrument  rating  and  to  maintain  instrument  proficiency.. 

The  entire  "flight"  takes  only  four  minutes.  A  closed-circuit  TV  systen  can  also  be  installed  so  that 
observers  can  watch  the  facial  expressions  and  head  movement’s  of  the  subject. 

The  Vertigon  has  been  notably  successful  as  a  familiarization  technique.  Riders  are  impressed  with 
the  illusions  and,  as  with  the  CAMI  Disorientation  Device,  accept  the  procedural  conditions  as  pertinent 
to  the  aviation  environment.  The  importance  of  "seeing"  me  instrument  panel,  "windshielJ,"  and  "cabin" 
surroundings  pitch  or  roll  in  agreement  with  the  vestibular ly  induced  sensations  cannot  be  over-emphasized. 

The  Vertigon  has  several  advantages.  It  is  durable  and  requires  exceptionally  little  maintenance.  The 
entire  run  can  be  progranracd  (there  is  a  switch  for  manual  or  program  control)  so  that  minimal  ski il  is  need¬ 
ed  to  operate  the  device.  It  moves  only  it.  the  yaw  plane,  requires  very  little  space  (about  6  feet  by  6  feet) 
and  can  be  used  in  a  lighted  room.  Its  acceleration  characteristics  and  the  smoothness  of  its  start  and  stop 
arc  more  than  adequate  for  a  good  demonstration.  It  can  also  be  modified  to  introduce  other  tasks,  program 
meter  deflections,  require  movements  of  the  control  wheel,  etc.  The  film  and  sound  track,  of  course,  can 
also  be  modified  as  desired. 

Modified  Link  Trainer 

Based  on  their  CAMI  experiences,  several  visitors  have  modified  their  own  equipment  to  provide  an 
approach  to  disorientation  familiarization  similar  to  that  of  CAMI.  A  good  example  is  the  modified  Link 
trainer  (Figure  5)  used  by  a  Colorado,  U.S.A.,  flying  school.  The  device  is  essentially  quite  like  the 
Vertigon.  The  trainer  was  stripped  down  except  for  the  pedestal  and  cockpit  box  and  modified  so  that  only 
vertical-axis  (yaw*)  movement  was  possible.  11>e  base  of  the  train  r  was  fitted  with  a  pulley  and  belt 

drive  connected  to  a  gcaved-down  electric  motor.  A  motor  mount  was  fabricated  and  bolted  to  the  base  of 

the  simulator  and  a  pulley  size  was  selected  to  drive  the  device  at  16  rpn.  existing  wiring  was  used  to 

provide  power  (l)  to  the  motor  through  a  switch  controlled  from  the  cockpit  box,  (2)  to  separate  plugs  for 

a  movie  projector  and  a  tap.-  deck,  each  with  a  separate  switch,  (3)  to  warning  Lights  connected  to 
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Figure  6.  Tha  converted  kitchen  stool  end 
goggles  used  by  the  FAA  in  disorientation 
familiarization  for  U.S.  private  pilots. 


for  the  usual  lens  in  a  pair  of  welder's  goggles,  and  a  lightweight  rectangular  extension  was  secured  to 
the  frames.  Openings  for  tvo  battery-operated  pen-light  bulbs  were  made  in  the  sides  toward  the  front  of 
the  rectangular  attachment.  The  interior  of  the  attachment  was  highly  polished  metal  which  produces 
multi-reflections  when  the  bulbs  are  lighted.  Additional  padding  va3  introduced  around  the  fact-mask  to 
prevent  outside  light  leaks.  The  goggles  provide  several  advantages:  (1)  room  lights  can  be  left  on; 

(2)  some  visual-  effects  can  be  demonstrated  to  the  pilot;  (1)  they  can  be  used  with  any  rotating  device, 

(4)  they  permit  freedom  of  head  movement.  Disadvantages  include:  (l)  some  visual  rivalry  effects  since 
the  bulbs  are  directly  opposite  the  pupils  of  the  eyes;  (2)  Coriolis  Illusions  are  attenuated  in  cemoarison 
with  a  "cockpit"-typc  surround;  (3)  the  visual  field  viewed  through  the  goggles  docs  not  stay  fixed  (as 
an  instrument  panel  or  a  landing  strip  would)  when  the  pilot  makes  a  head  movement,  i.e.,  when  the  pilot 
tilts  his  head,  he  tilts  his  visual  field  at  the  same  time,  regardless  of  whether  or  not  he  is  rotating. 

One  of  the  convincing  features  of  the  CAMI  Disorientation  Device,  the  Verri„on,  and  the  codified  Link 
trainer  is  the  fact  that  illusory  motion  of  the  Instrument  panel  occurs  in  the  absence  of  physical  nove- 
oont  of  that  panel. 

The  modified  stools  are  reasonably  effective.  They  are  highly  portable  and  inexpensive.  For 
example,  they  can  be  easily  broken  down  into  three  sections,  quickly  packed  in  a  carton,  jnd  Carried  by- 
hand.  The  base  and  the  bearing  system  of  this  chair  are  of  sufficient  quality  to  insure  safety,  close 
tolerance,  and  minimal  friction;  thus,  a  simple  manual  push  of  the  chair  can  set  it  and  a  student  in 
motion  for  a  minute  or  more  of  smooth,  non-wobbling  rotation.  However,  if  not  used  carefully,  the  stools 
may  present  a  safety  problem  under  some  conditions.  The  procedures  used  with  the  chairs  arc  outlined 
below.  Note  that  each  of  the  rive  demonstrations  described  involves  a  different  student. 

PROCEDURAL  STEPS  IN  CLASSROOM  DEMONSTRATION 

First  Demonstration 


1.  Explain  to  the  student-demonstrator  and  the  class  how  rotation  of  the  Barany  chair  relates  to 
aircraft  turning. 

2.  Have  the  student  indicate,  by  pointing  with  his  thumbs  or  a  Joy  stick,  his  position  or  the  direc¬ 
tion  of  the  sensation  he  is  experiencing.  Caution  him  not  to  correct  for  illusions. 

3.  Place  a  hood  (or  goggles)  over  the  student's  eyes  and  have  him  sit  erect.  Rotate  the  chair  to 
the  right.  Rotate  the  chair  so  that  the  seat  ,-ill  turn  for  at  least  one  minute  without  additional  pushing. 

4.  The  student  should  first  experience  a  sensation  of  rotating  to  the  right,  then  almost  a  nalt  in 
rotation;  is  the  chair  slows  down,  he  should  experience  a  sensation  of  rotating  to  the  left,  and  finally 
he  will  report  stopping. 


Second  Demonstration 


1.  kot*>.«  the  student  to  the  right  with  eye*  closed  end  wlch  no  hoed. 


2.  As  soon  as  the  student  feels  no  sensation  cf  rotation  (or  in  about  20  seconds),  sun  the  chair 
abruptly 


3.  Stop  'ha  student  in  front  of  the  class  and  have  bin  read  fron  naterial  on  an  appropriate  chart 
or  sign. 


4.  Have  the  class  focus  its  attention  oil  che  student's  eyes. 


5.  The  student's  eyes  should  sweep  or  click  to  the  left  and  right,  thus  deuce* t rating  nystagmus. 


Third  Demonstration 


1.  Have  the  student  don  a  hood. 


Rotate  the  student  until  he  no  longer  experiences  turning. 


3.  Have  the  student  tilt  his  head  to  the  right  while  rotating. 


4.  tie  should  experience  an  illusion  rf  a  climb  to  the  right. 


Fourth  Demonstration 


1.  Using  a  hood,  rotate  the  student  to  the  right  with  hlo  head  tilted  to  the  right. 


2.  Continue  rotation  until  no  sensation  of  turning  is  reported;  then  have  the  student  return  his 
head  to  the  upright  position. 


3.  The  student  should  experience  an  illusion  of  diving. 


4.  Caution!  The  student  may  have  a  violent  reaction  to  this  stimulus. 


Fifth  Demonstration 


Again  using  a  hood,  have  the  student  look  down  at  the  floor  or  at  t.is  lap  belt. 


2.  Rotate  him  tv  the  right  with  his  head  tilted  downward. 


3.  Continue  rotation  until  no  sensation  of  turning  is  reported;  then  have  the  student  return  bis 
head  to  upright. 


The  student  should  experience  an  illusion  of  tumbling  or  spiraling. 


S.  Caution!  A  strong  sensation  of  falling  from  che  chair  may  be  experienced. 


Additional  Techniques 


The  approaches  noted  above  are  not  the  only  ones  available.  For  example,  the  Spatial  Orientation 
Trainer  (SOT)  at  Brooks  AFB,  Texas,  is  a  highly  sophisticated  device  which  has  four  degrees  of  freedom  cf 
movement;  totally  encloaes  the  rider  in  a  cockpit  that  moves  on  rubber  wheels  around  a  circular  track  10 
feet  in  disaster;  and  permits  the  pilot  to  control  the  attitude  of  the  cockpit  (at  the  discretion  of  the 
console  operator)  by  stick,  rudder,  and  throttle.  The  device  can  be  rotated  about  its  own  axis  (30  rpo) 
or  around  the  track,  can  be  pitched  +30°  from  the  horizontal ,  and  can  he  rolled  +90°  from  the  vertical. 

A  preliminary  evaluation  of  the  device  ualng  students  from  the  Air  Force  Undergraduate  Training  Program 
indicated  Its  usefulness  and  acceptability  to  the  students  In  augmenting  the  regular  flight  training 
program. 


Still  other  techniques  exist;  however,  the  purpose  of  the  present  report  was  simply  to  provide 
suggestions  and  procedures  for  inexpensive  but  meaningful  disorientation  familiarization  basad  on  the 
enthusiastic  responses  of  general  aviation  pilots  vno  have  experienced  the  CAMI  approach,  and  to  encourage 
pilots  to  obt  ...  instrument  ratings. 


AICOHOt  AHD  DISORIENTATION 


As  a  final  area  of  consideration,  the  role  which  alcohol  may  play  in  disorientation  can  be  demon¬ 
strated  with  any  of  the  devices  described  above.  In  general,  alcohol  depresses  the  responses  from  stimu¬ 
lation  cf  the  semicircular  canals.  Thus,  then  tested  in  darkness,  both  nystagmus  and  subjective  sensa¬ 
tions  of  turning,  as  well  as  sensations  produced  by  Coriolis  stimulation,  are  reduced  by  alcohol.'*® 
However,  alcohol  also  depresses  the  functioning  of  ttc  visual  fixation  mechanism,  such  that  the  visual 
system  becomes  markedly  less  able  to  Inhibit  vestibular  responses  when  alcohol  is  present.^*®  Thus,  under 
the  latter  condition,  vertigo  and  blurred  vision  are  noticeably  present  following  an  sugular  deceleration 
in  the  preserve  of  visual  fixation  'ejects.  This  phenomenon  is  readily  demonstrated  by  rotating  subjects 
In  darkness  (or  with  their  eyes  closed)  sod  bringing  them  to  a  svdien  stop  as  the  room  light?  arc  turned 
on  (or  as  their  eyes  are  opened).  In  the  absence  of  slcohol,  visual  fixation  on  some  object  in  the  ro aa 
will  quickly  Inhibit  both  the  turning  sensation  and  the  nystagmic  eye  movements.  However,  one  heu-  after 
drinking  (about  1  l/2»2cc  of  100-proof  liquor  per  kg  of  body  weight,  or  about  3/4-1  ounce  of  100-pt jof 
iiquor  per  33  pounds  of  body  weight),  if  the  same  procedure  is  applied,  visual  fixation  following  the 
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sudden  stop  will  be  Ineffective  In  preventing  blurred  vision,  and  vortigioua  sensations  will  be  experi¬ 
enced  fur  several  second*. 


As  night  be  anticipated  from  the  above,  alcohol  will  affect  performance  on  at  least  some  types  of 
casks  during  cngular  acceleration,  although  performance  might  be  relatively  unaffected  in  the  absence  of 
motion.  Thus,  for  example,  the  ability  to  track  a  moving  target  by  means  of  a  stick  control  (eye-band 
coordination)  may  not  be  impaired  noticeably  by  alcohol  when  the  subject  le  In  a  static  (stationary) 
environment,  but  cay  be  significantly  depressed  In  a  dynamic  (angular  acceleration)  situation  os  a  result 
of  blurred  vision.  ,*3  Statistically  significant  Increases  in  tracking  error  Save  been  obtained  during 
angular  acceleration  91th  blood  alcohol  levels  as  low  as  .027  per  cent;  performance  In  the  sbsence  of 
motion  wss  not  significantly  impaired. 0  Such  findings  indicate  the  Insidious  nature  of  the  effects  of 
alcohol  on  performance.  A  pilot  who  drinks  lightly  may  convince  himself  that  hla  ground-level  abilities 
are  unimpaired  and  thus  be  convinced  that  It  is  safe  to  enter  the  cockpit.  However,  if  while  flying, 
particularly  at  night  with  dim  display  illumination,  that  pilot  encountera  vestibular  stimulation  as  a 
result  of  maneuvers,  turbulence,  or  an  inner  ear  dysfunction,  he  mey  readily  experience  disorientation 
and  blurring  of  vision.  Control  of  hla  eye  movements  by  visual  fixation  will  have  been  reduced  by  the 
alcohol,  and  vestibular  control  will  be  tree  to  take  over  the  driving  his  eyes  relative  to  the  instru¬ 
ments.  Such  occurrences  will  increase  the  likelihood  that  the  pilot  will  misread  tne  instruments  and 
react  Incorrectly.  The  results  could  well  be  fatal. 
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DEMONSTRATION 


During  the  time  allocated  for  discussion  following  the  formal  presentation.  Dr  Collins  demonstrated 
the  portable  rotating  chair  and  goggles,  illustrated  in  Fig.  6  of  the  paper,  a*  enumerated  the  procedures 
employed  for  disorientation  familiarization  and  several  members  of  the  audience  tried  out  the  device. 

Dr  G:lsco  also  reported  briefly  recent  work  carried  out  at  CAI  and  NAHRL  on  the  effect  of  ethyl 
alcohol  on  vestibular  function.  In  particular  he  shoved  how  ethanol  impaired  the  suppression  of  canal 
nystagmus  which  occur*  when  the  subject  attempts  to  fixate  on  a  stationary  visual  target.  In  addition 
to  EGG  measures  of  nystagmus,  the  impairment  of  subject  ability  to  see  instruments  and  perform  a  simple 
tracking  task  when  intoxicated  and  ex  >o*ed  to  torsional  oscillation  was  described. 
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SOVZiSi 

Patterns  of  disorientation  occurrences  in  the  United  Kingdom 
RA?  end  Amy  for  the  period  1560-1570  are  exaained  in  order  to 
formulate  possible  explanations  end  ric emendations  concerning,  in 
particular,  th*»  philosophy  of  instrunont  flight  training.  The 
aircraft  types  cost  com  only  involved  and  the  circumstances  con¬ 
firm  the  liilihood  of  sencoiy  incongruity  being  a  contributory 
factor  in  the  majority  of  cases.  The  underlying  differences 
between  'primary'  and  ’secondary1  disorientation  are  discussed; 
the  latter  tens  being  used  ->o  describe  the  type  which  leads  to  an 
aotivc  state  of  ccnfuuiuji.  The  author  suggests  that  the  pre¬ 
dominant  emphasis  both  in  aeroaedical  indoctrination  and  in¬ 
strument  flying  practice  is  concerned  with  preventing  primary 
spatial  disorientation,  but  that  insufficient  effort  is  cade 
towards  ensuring  that  primary  disorientation  when  it  occurs,  decs 
not  develop  into  the  dangerous  secondary'  stage.  The  various 
methods  of  simulation  of  instrument  flying  are  exaained  in  this 
light.  Recommendations  are  cade  for  increasing  the  amount  of 
•stress'  during  TP  practice,  by  increasing  the  mental  work  load 
and  adding  distractions  and  diversions  whilst  carrying  out  tho 
'mechanical '  tracking  task  of  flying  on  instruments. 


unrtoDucTiON 

Hnppily  there  has  been  a  steady  decrease  in  overall  accident  rates  over  the  years.  As  aircraft  per- 
ioimonce  ihcrca cos  however,  major  accidents  are  often  difficult  to  explain  with  certainty.  When  invest¬ 
igators  axe  unable  to  turn  up  obvious  technical  causes,  the  focus  of  attention  is  turned  upen  the  aircrew 
involved  and  in  particular,  the  pilot.  Cf  the  various  human  factors  which  can  explain  accidents  and  in¬ 
cidents,  spatial  disorientation  is  bath  an  intriguing  and  important  possibility. 

Wing  Commander  Lofting  from  tho  Hi?  Directorate  of  Flight  Safety  has  already  reviewed  the  United 
Kingdom  HA?  and  Army  statistics  cn  spatial  disorientation  in  flight  for  the  decade  1560-1970,  (A2).  In 
tills  paper  I  shall  discuss  possible  explanations  for  the  pattern  of  these  occurrences  and  make  certain 
recommendations  for  reducing  the  incidence  of  this  hazardous  condition.  In  particular  I  shall  dwell  upon 
the  philosophy  of  instrument  flight  training  and  its  relationship  to  spatial  disorientation. 

ACCIDS!?  FATTSHS 

The  four  fixed  wing  aircraft  which  feature  significantly  in  disorientation  accidents  ere--.;. a  Ccnbsrra, 
Hunter,  Lightning  and  let  Provost.  Those  four  types  of  aircraft  have  cockpit  canopies  which  arc  either 
completely  clear  and  I nameless  or  have  only  a  windscreen  arch.  One  can  readily  visualise  a  situation 
where  either  at  high  altitude  or  in  hr.se  conditions  at  low  altitude,  the  pilots  sitting  in  these  open 
'bubbles'  would  have  a  minimal  visual  input  whilst  searching  for  a  target,  oth  ;  aircraft  or  ground  feature. 
These  ore  conditions  which  permit  vestibular  or  proprioceptive  information  to  predominate  leading  to  sen¬ 
sory  incongruity  when  cross  checks  are  made  with  the  aircraft  instrumentation.  In  this  context  it  is  also 
interesting  to  note  that  night  flying  and  inexperience  have  been  shown  to  be  significant  factors  pre¬ 
disposing  to  aircraft  disorientation  accidents.  I  believe  there  is  another  important  factor  which  is 
common  to  tint  group  of  aircraft  namely  that  they  arc  predominantly  flora  solo.  This  point  is  concerned 
with  underlying  psychological  factors  related  to  disorientation  and  will  be  discussed  later.  In  tne  case 
of  the  Sioux  helicopter  which  has  both  the  canopy  'bubble  effect'  and  a  lack  of  adequate  instrumentation 
at  tlut  time,  the  situation  is  aggravated  still  further  and  sensory  incongruity  cousd  readily  occur. 

It  has  been  shown  ‘hat  no  accidents  in  the  Boyal  Air  Force  during  the  period  1560-1970  were  apparently 
caused  by  disorientation  during  the  landing  approach,  (A2).  I  believe  that  one  can  account  for  this  is'  two 
ways.  Firstly,  there  has  been  considerable  publicity  giver,  to  the  problem  of  cross  reference  between  the 
aircraft  instruments  and  the  ground  at  this  stage  of  the  flight  profile  and  I  would  like  to  think  that  the 
aviation  medicine  teaching  has  been  effective  in  alerting  pilots  to  this  os  a  possible  cause  of  dis¬ 
orientation.  Secondly,  at  this  stage  of  flight  the  pilot  is  predominantly  'lccked-cn:  to  his  full  in¬ 
strument  panel  and  the  time  spent  locking  out  at  the  outside  world  is  relatively  short.  I  believe  that 
this  balance  between  the  time  spent  in  handling  reliable  information  and  that  likely  to  provoke  potential 
conflict  is  less  likely  to  produce  disorientation  than  the  opposite  situation  in  which  the  pilot  is  pre¬ 
dominantly  locking  into  a  featureless  outside  world  and  only  lcciung  at  his  instruments  occasionally. 

AUtCHAFT  1KCJD2.TS 

It  is  interesting  to  note  that  of  the  55  incidents  attributed  to  disorientation,  23  of  these  apparently 
were  associated  with  ear  infection,  physical  ^disposition  or  excessive  head  movements.  Although  one  is 
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Inclined  to  associate  those  situations  with  a  carted  increase  in  vestibular  afferent  sigjutl  flew  I  feel 
core  inclined  to  ash  shy  thin  signal  flera  caused  the  individual  to  bo  disturbed.  I  siiall  refer  to  tliis 
later  alien  discussing  the  underlying  factors  predisposing  individuals  to  disorientation  which  causes 
occurrences. 


The  r.ro portion  of  inexperienced  pilots  in  the  incidents  tabulated  aas  considerably  -lower  iluui  in  the 
caso  of  accidents  froa  this  cause.  It  lias  been  suggested  tliat  perhaps  inexperienced  pilots  do  not  report 
these  occurrences,  (A2).  Tliis  is  certainly  a  possibility  but  I  would  lil:e  to  suggest  an  additional  ex¬ 
planation.  Tliis  may  be  associated  with  the  type  or  severity  of  the  disorientation  ce  ore  dealing  with. 

In  Ms  excellent  chapter  on  ’Spatial  Disorientation  in  Flight1  in  the  textbook  of  Aviation  Ihysiology 
Dr  Benson  referred  to  primary  and  secondary  disorientation,  secondary  disorientation  being  the  type  which 
leads  to  on  active  state  of  confusion.  I  suggest  that  perhaps  the  core  experience  the  aviator,the  core 
prone  he  is  to  secondary  njsatiol  disorientation  because  his  experience  «ac  caused  certain  patterns  to  be 
'set*  in  his  mind  and  conflicting  cues  arc  sore  likely  to  cause  sensory’  incongruity.  In  the  case  of  the 
inexperienced  student  aviator,  on  the  other  hanc,  he  has  fewer  such  'sets'  and  perliops  he  is  less  prone 
to  secondary  spatial  disorientation.  The  higher  accident  rate  associated  with  disorientation  in  the  in¬ 
experienced  could  be  explained  by  the  feet  that  when  disorientation  becomes  narked,  in  such  cases,  whether 
it  be  primary  or  secondary*,  panic  or  not,  the  individuals  lack  of  experience  means  tliat  he  is  less  able 
to  cope  with  the  difficult  aircraft  lisndling  wliicli  is  necessary  to  prevent  an  accident. 
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I  luivc  already  referred  to  primary  disorientation  which  is  a  situation  in  which  the  aviator  is  un¬ 
aware  that  liis  perception  of  altitude  or  position  i?  incorrect  and  it  i3  only  when  ha  checks  or  compares 
the  orientation  perceived  by  one  sensory  channel  with  tliat  from  another  tliat  he  is  likely  to  realise  that 
his  original  perception  of  aircraft  attitude  was  incorrect,  (Benson).  This  can  then  be  followed  by  a 
state  of  confusion  or  uncertainty  wliich  has  been  celled  sensor;.’  spatial  disorientation,  Gillingham  in 
his  excellent  'frime-v  of  Vestibular  Function,  Spatial  Disorientation  and  notion  Sickness'  refers  to  thi 
lack  of  sensory  congraity  as  determined  by  previous  experience  as  on  Important  factor  in  the  production 
of  motion  sickness  and  the  sane  can  be  said  for  disorientation.  Although  it  is  true  that  aircraft  per¬ 
formance  is  increasing  pretty  rapidly  these  days,  the  occurrences  which  liave  occurred  in  the  ’united 
kingdom  are  not  always  associated  with  particularly  dramatic  aircraft  manoeuvres.  >.y  ctm  experience  with 
cupmdcmotiy, whilst  studying  notion  sickness,  leads  me  to  believe  that  although  the  end-organ  re-spen se 
apparently  varies  greatly  from  individual  to  individual  this  is  due  to  the  way  in  which  t:.e  individual 
handles  this  signal  flow  from  the  vestibular  apparatus,  rather  tJam  any  difference  in  the  vne-organ  itself. 
Vestibular  stimulus  is  no  doubt  the  'seed'  but  it  is  the  state  of  the  'ceil'  namely  the  individual  him¬ 
self,  his  personality,  his  state  of  training  and  his  insight  into  i..’  problem  which  onus  ,-c  tlus  hamurdcus 
secondary  spatial  disorientation. 

Fcriiapo  then  the  car  ii  actions  and  physical  indispositions  that  were  noted  in  various  incidents  ir. 
the  Her, 'at  Air  Fore  5  statistics  so  adversely  affected  the  individual  that  he  was  unable  to  cope  with 
stress  whether  it  be  vestibular  in  origin  or  from  any  other  source,  for  that  matter. 

I  referred  earlier  to  the  possible  significance  of  the  solo  situation.  Ir.  extreme  esses,  where  air¬ 
crew  are  suffering  froa  some  phobic  state  they  frequ  ntly  ompSiasice  that  the  problem  is  much  worse  when 

flying  solo.  Even  a  passenger  who  has  r.o  knowledge  of  ilying  whatsoever  can  enable  a  phobic  pilot  to 

cope  with  his  problem  and  aircraft  in  cany  instances.  Perhaps  then  the  solo  state  is  the  'strew  which 
breaks  the  camel's  back  and  prevents  the  pilot  handling  iris  secondary  spatial  disorientation.  Is  there 
a  very  narrow  line  between  what  we  call  'secondary  spatial  disorientation'  and  a  'phobic*  state? 

rr.r«’U7?ic::  cf  DiscitinnATicsi 

You  ore  all  very  familiar  with  the  many  useful  steps  which  have  been  taken  in  recent  years  to  reduce 
the  incidence  of  disorientation.  Aoroaedical  indoctrination  has  I  cm  cure  been  very  of fee  rive  in  bring¬ 
ing  this  catvcr  cut  into  the  open  and  that  in  itself  is  a  big  step  forward.  1  am  sure  that  treating  rise 
problem  as  a  ’normal'  occurrence  has  given  reassurance  and  a  cense  of  ndcrstanding  to  many  aircrew  who 
night  have  gPt  into  trouble.  Kcvertheleac  I  belijve  that  we  can  dc  core  in  a  practical  way  particularly 
in  our  airborne  exercises.  It  is  in  this  area  that  I  should  like  to  c-eii  for  a  few  memento  by  saving 

seas  thing;  about  tile  philosophy  underlying  instrument  flying  practice,  as  1  see  ii. 
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Great  ''.tress  has  been  placed  upon  the  need  for  an  individual  pilot  to  be  able  to  fly  instruments 
well*  similarly  methods  of  instrument  scanning  have  been  improved  and  taught  very  dice  lively  to  students 
and  experienced  aircrew.  This  is  cxocllcnt  end  very  necessary,  but  I  believe  that  we  have  perhaps  erred 
by  placing  incufficicnt  emphasis  on  dealing  with  the  stress  wliich  ir  associated  rith  instrument  flying. 


Airborne  sp  iai  disorientation  training  has  tended  to  demonstrate  the  need  for  instruments  arid  the 
unreliability  of  'seat  of  the  pants'  ashsations.  It  him  also  stressed  the  need  for  the  stuccnt  to 
believe  his  instruments  when  disorientated.  "V-ece  are  useful  exercises  but  in  ry  view,  agytin  fail  to 
'stress'  the  student  lyifficicntly  in  the  training  si ‘...a’ ' 

Ferlnpv)  I  can  best  make  my  point  about  instrument  flyin#  si-rulaiicn  in  flight  by  examining  the  sig¬ 
nificant  constituents  of  actual  instrument  flying  and  its  associated  problems  from  the  point  cf  view  of 
the  pilot.  These  ure  not  necessarily  in  their  order  of  priority. 


a.  The  pile;  must  be  able  to  perform  a  tracking  task  accurately  and  smoothly  with  minimum  lag  time; 

b.  He  must  be  able  to  suppress  stsl coding  vestibular  cna/or  visual  information  when  it  conflicts 
with  his  instrument  presentation; 
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o.  He  oust  be  confident  In  hiaself  and  hie  ability  to  cope  with  a  high  performance  aircraft  in  a 
difficult  instrument  situation. 

As  for  os  performing  a  tracking  task  ie  concerned,  this  is  a  mixture  of  natural  ability  and  good 
flying  training.  I  suggest  tliai  graduate  pilots  do  not  lose  control  of  their  aircraft  for  this  reason 
alone.  1  believe  tliat  the  standard  of  training  in  the  KATO  air  forces  is  high  and  such  on  aviator  would 
liavc  been  eliminated  as  being  well  bole*  the  required  standard.  The  second  point  deals  with  sensory  in¬ 
congruity  in  the  real  IF  situation,  tthen  locking  out  of  the  cockpit  into  a  Juicy  featureless  sly,  the 
visual  input  in  minimal  as  I  said  earlier  end  this  can  have  two  effects: 

i.  She  misleading  or  inaccurate  vestibular  or  'sent  of  the  pants'  information  can  become  dominant: 

ii.  On  returning  to  look  at  tho  instrument  presentation,  the  picture  may  new  be  at  variance  with 
existing  false  perception  frea  misleading  sources. 

Concerning  the  third  point,  the  pilot's  state  of  confidence,  tills  denotes  good  practice  and  the  ability 
to  cope  with  stressful  situations  from  whatever  cause. 

1  would  suggest  that  IF  simulation  as  it  is  commonly  practised  docs  not  meet  all  these  requirements; 

a.  Simulated  instrument  flying  under  the  hood  removes  all  sensory  conflict,  or  nearly  all,  since 
the  pilot  cannot  look  out  and  he  therefore  gets  <.  maximal  input  of  reliable  vi  *1  information  from 
his  instrumentation.  There  is  some  stress,  but  this  is  minimised  by  the  presence  of  the  instructor 
and  no  other  stress  is  built  in.  On  this  point  1  was  interested  to  read  in  u  recent  Boara  of  Inquiry 
the  cements  of  a  very  senior  Soyal  Air  Force  officer  who  wrote:  'dual  will  never  lack  the  psycho¬ 
logical  security  of  a  qualified  pilot  at  the  students  elbow. '  Having  read  that  I  wondered  if  I  was 
prcacliing  to  the  converted! 

"b.  TThcn  a  visor  is  used  instead  of  a  hood  the  comments  are  similar,  but  in  addition,  the  trainee 
knows  tliat  if  the  going  is  really  tough  a  ssall  head  movement  will  give  him  a  picture  of  the  outside 
world.  Kvcn  if  he  docs  not  use  this  facility,  nevertheless  the  possibility  detencifics'  the 
simulation. 

If  one  accepts  these  premises  then  a  logical  approach  to  simulated  flying  practice  can  be  proposed: 

a.  Increase  the  'stress'  during  practice  and  get  away  from  a  simple  tracking  tack  by  cspliasis'tif 
pilot  interpreted  aids  so  that  the  individual  is  made  to  think  'tltroc-dimensicnally'  when  on  in¬ 
struments.  He  must  bo  distracted  from  merely  'following  ids  needles',  by  having  to  think  about 
other  problems  such  as  navigation  or  aid  interpretation,  to  a  far  greater  extant. 

b.  He  must  scad: err  be  made  to  icok  out  and  'suffer',  if  that  is  the  right  word,  the  problem  of 
diminished  visual  input  leading  to  conflict.  This  is  perlmpc  difficult  to  simulate  but  by  no  means 
impossible.  I  recall  during  Vorld  «ar  2  that  one  had  to  fly  a  number  of  so  called  'day-night' 
sorties  before  going  night  flying.  1.0  students  used  to  reckon  that  you  should  have  night  flying 
experience  before  doing  day-night  practice  because  it  seemed  more  stressful!  Tnis  consisted  of 
wearing  very  dark  amber  goggles  and  flying  cn  sodium  illuminated  instruments.  The  students  could  see 
nothing  of  the  outside  world  except  tiirec  or  four  isolated  sodium  lights  on  the  ground  at  the  end  of 
a  controlled  approach  and  he  had  tc  carry  out  a  landing  using  these  as  his  fl arc-path.  Although 
finals  lava  rot  been  associated  with  cany  accidents  this  would  certainly  be  enc*  way  of  forcing  ar. 
individual  to  lock  cut  of  the  cockpit  and  experience  sensory  incongruity  ai  the  end  of  ids  instrument 
approach.  Various  other  schemes,  ouch  os  2  stage  ccntra-omber  and  2  stage  contra-blue  have  been 
used.  These  were  a  mixture  of  blue  goggles  mith  cn  amber  screen  cn  the  reverse.  Those  systems 
tended  tc  1.  cumbersome  but  technology  has  improved  so  much  that  tho  shortcomings  of  the  old  systems 
could  be  overcome  new, 

I  should  also  like  to  sec  a  student  be  given  as  much  actual  instrument  flying  as  possible  i:  ids 
training  progratrse.  There  is  no  finer  way  to  turn  out  a  fully  competent  pilot  who  can  fly  his  aircraft 
to  its  limits.  'To  shat  end  it  is  important  that  the  dual-solo  ratio  is  watched  most  carefully  so  that 
there  must  be  a  minimum  of  solo  sorties  before  a  student  is  permitted  to  go  night  flying,  Without  doubt 
no  student  should  be  permitted  to  fly  solo  at  night  until  !;e  has  at  least  Tj  hours  da;-  sole  on  type  and 
has  achieved  a  sotisfactory  level  of  instrument  training. 
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The  philosophy  I  have  tried  to  preach  is  that  it  is  not  sufficient  for  tne  student  to  bo  able  to  cope 
cn  instruments.  longerons  secondary  ^spatial  disorientation  represents  n  situation  where  a  distracting 
vestibular  input  has  pushed  a  pilot  ■Ivor  the  point  of  balance  of  ability.  He  should  be  trained  in  such  n 
cay  that  he  car.  carry  out  r.  number  of  tasks  as  well  as  flying  cn  instruments  accurately  and  sell} at  is 
crily  be  being'  so  trained  that  he  rill  be  able  to  sit  back  and  ’enjoy*  his  instrument  flying.  It  is  not 
sufficient  to  explain  this  to  him  during  the  lecture  period  he  mint  be  so  trained  end  sufflciently 
'stressed*  curing  instrument  training  that  a  balance  is  achieved  which  ensures  that  he  will  ach.  ve  a 
state  of  confidence  ir.  his  ability  to  fly  all-weather  missions  naturally.  This  nejns  tint  whenever  he  re 
confronted  with  seme  curious  visual  illusion;  or  when  he  loses  his  leader  in  fermatror.  in  cloud;  or  is 
asked  to  change  a  radio  frequency  at  a  critical  time:  or  his  bladder  is  f-11:  or  ..e  is  short  o:  f..el:  none 
of  these  things  will  tc  so  much  to  the  fero  at  cer.scio.ur.  level  that  he  will  be  unable  to  s. ; press  ti  ns  and 
tf  unable  to  cope  with  a  complex  truci.ir.g  mask  in  the  form  of  an  insistent  flight  procedure. 


Vl;  Til: He:  A  d  llfv'}  spatial  Eisorientarion  in  Flight.  Gap  dC. 

(T)  ull  IHTXAll  h  I.  (ifvc)  A  :  rimer  of  Vestibular  Function,  epatial  Ii  cor  ientatien,  and  cti 
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DISCUSSION 

SCANS).  Tbit  it  only  a  practical  question.  Did  you  find  any  spacial  correlation  between  Cite  incidence 
of  disorientation  and  fatigue  or  lack  of  sleep? 

DOME.  The  investigation  of  any  possible  case  of  disorientation  is  always  fraught  with  difficulties 
and  I  cannot  deaonstrate  any  specific  correlation  between  sleep  deprivation  or  fatigue  and 
disorientation.  Nevertheless,  in  relation  ro  the  views  which  1  have  presented  in  this  paper 
I  would  expect  that  these  would  be  typical  of  auny  'personal  fee tors '.which  can  contribute  to 
disorientation. 

LOFTING.  You  expressed  your  belief  in  the  need  for  further  instrument  flying  training  techniques,  which 
accords  very  much  with  the  DPS  view  from  a  study  of  air  accidents.  Do  you  consider  that  these 
new  techniques  must  be  done  in  the  air,  that  is,  sn  artifically  loaded  real-flying  situation? 

Or  do  you  see  ground  simulation  in  sophisticated  visual-and-aotiou  trainers  as  a  field  for 

the  new  techniques  which  we  need  to  arm  our  pilots  against  the  killer  situations  of  disorientation? 

DOME.  I  believe  that  whatever  ground  orientation  demonstration  devices  are  used,  ultimately  the 

”  programme  must  be  taken  in  to  the  ait.  This  orientation  training  in  flight  would  consist  of 

a  xorm  of  instrument  flying  practice  designed  to  'load'  the  pilot  progressively  to  the  maximum 
with  a  variety  of  inputs.  Ideally,  flyieg  on  instruments  should  be  as  'natural'  to  the  trained 
pilot  as  flying  contact  (VMC). 
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CLINICAL  EVALUATION  AND  TP.EATtlEST  OF  DISORIBfTATION  IN  AIRCREW 
Air  Commodore  P.  J.  O'Connor 

SUiaiASY;  A  special  panel  exists  in  Great  Britain  for  evaluating  disorientation  in 

aircrew.  90  cases  were  seen  in  the  period  I960  to  1971.  Host  of  the  patients  were 

military  aircrew;  test  pilots  and  helicopter  pilots  were  more  common  than  expected. 
Disorientation  was  common  in  the  third  and  fourth  decades.  Presenting  symptoms  were 
divided  into! 

1.  Increased  sensory  input. 

2.  Decreased  sensory  input. 

3.  Disturbed  central  thought  processes. 

Treatment  was  by  explanation  and  reassurance  with  the  addition  of  rehabilitation  flying 
and, treatment  of  any  associated  psychiatric  disorders.  6G£  returned  to  full  flying. 
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This  paper  deals  with  90  aviators  complaining  of  disorientation  in  the  air  in  the 
period  I960  to  1971. 

In  Great  Britain  ws  have  a  panel  for  dealing  with  cases  of  disorientation  in  the 
air  of  such  severity  that  they  merit  specialist  investigation.  This  panel  consists  of 
an  Bar,  Nose  and  Throat  Consultant,  a  Physiologist  who  is  an  international  authority  oh 
disorientation  and  myself,  a  Neuropsychiatrist.  All  cases  of  disorientation,  whether  in 
military  flying  or  civil,  which  are  thought  to  require  expert  guidance,  are  referred  to 
this  panel. 

One  tenth  of  the  patients  were  civilian  and  of  this  number  three  were  test  pilots. 

The  low  incidence  of  disorientation  in  civil  aircrew  probably  reflect,  the  fact  that  the 
military  aviator  and  the  test  pilot  fly  their  aircraft  to  the  limit  of  its  capability. 

In  civil  flying  the  emphasis  is  at  all  tinea  upon  smooth  flying  and  the  avoidance  of  any 
manoeuvre  which  might  cause  passengers  alarm.  *  Becauso  the  military  pilot  ha3  to  fly  the 
aircraft  to  the  limits  of  its  capability  and  has  to  be  trained  in  ouch  precision  flying  as 
is  required  in  low  7/;evel  attack  and  formation  flying,  any  symptom  which  undermines  his 
confidence' in  his  ability  to  control  his  aircraft  assumes  much  groater  importance.  It 
is  for  these  reasons  that  wc  see  far  core  military  aviators  and  tost  pilots  than  civil 
aircrew  at  the  disorientation  panel 

One  tenth  of  the  disorientation  patients  had  developed  tl.eir  symptoms  in  helicopters. 
This  is  a  higher  incidence  in  helicopter  pilots  than  was  expected  as  helicopter  pilots  do 
net  cake  up  one  tenth  of  the  total  strength  of  aircrew  in  this  country.  I  believe  that 
disorientation  is  disproportionately  common  in  helicopter  flying  because  this  aircraft 
demands  far  more  control  to  keep  it  in  the  air  than  a  fixed  wing  aircraft  which  can  be 
flown  by  the  automatic  pilot  if  the  captain  is  temporarily  indisposed. 

903*  of  the  disorientation  referrals  were  pilots.  Clearly  disorientation  is  more 
important  to  a  pilot  than  to  a  navigator  as  far  as  the  safety  of  the  aircraft  is  concerned. 
Figure  I  shows  the  age  of  the  aviator  at  the  time  ho  wa3  referred  to  the  panel. 

Fig.  I  -  Age  at  onset  of  disorientation 
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The  presenting  symptoms  may  be  classified  in  relation  to  the  psychophysiology  of  | 
disorientation.  The  brain  needs  to  know  continuously  tho  attitude  of  the  body.  This  | 
knowledge  ie  computed  from  information  from  the  eyes,  the  labyrinth,  tho  muscle  stretch  J 
receptors  and  in  the  case  of  the  aviator  from  the  instrument  panel  of  the  aircraft.  The  I 
cues  from  these  sources  are  computed  to  give  an  updated  model  of  the  body’3  position  in  1 
space.  This  orienting  mechanism  may  be  upset  in  a  number  of  ways.  The  way  in  which  | 
the  mechonisu  is  disturbed  dictates  the  for2s  the  disorientation  will  take.  I 


1.  Increased  signal  strength  in  one  channel  may  upset  the  computing  mechanism; 

Coriolis  stimulus,  pressure  vertigo,  districting  stimuli  such  as  ear  neadlighto  travelling 
at  right  angles  to  the  runway  or  the  sudden  falling  away  of  the  terrain  on  flying  ovc-r 
a  cliff  edge;  faulty  flying  manoeuvres  such  as  stalling  at  the  top  of  a  loop. 
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2.  B*duction  of  sensory  iupui;  sudden  change  fron  VKC  to  UCC  especially  on  unexpec¬ 
tedly  entering  a  cloud  at  night;  the  break-off  phenoaenon  at  altitude  when  the  horizon 
has  fallen  below  the  coafortable  level  of  vision;  completely  calm  sea  without  ripples; 
at  about  5000  feet  it  is  no  longer  possible  to  pick  up  the  detail  of  vegetation  and  some 
aviators  feel  disorientated  at  this  stage* 

3.  Heightened  arousal  aay  interfere  with  central  thought  processes  in  a  nuaber  of  ways; 
the  span  of  attention  any  be  narrowed,  usually  due  to  anxiety,  and  this  nay  cause 
coning  down  of  vision  onto  one  instrument  instead  of  scanning  the  essential  dials.  In 
target  fixation  the  pilot  tends  to  fly  into  the  target  he  is  attacking  instead  of 
breaking  off  in  good  tine.  Xhe  toxic  effect  of  an  alcoholic  hangover  seen  to  loner 

the  threshold  for  beconing  disorientated.  Anxiety  states  and  hyperventilation  have 
similar  effects.  Input  overload  nay  occur  when  a  great  number  of  cues  have  to  be 
attended  to  at  the  sane  time  as  in  formation  flying  or  low  level  attacks  at  night  In 
single  seat  eircraft.  The  tenricn  engendered  by  the  presence  of  an  exaniner  Curing 
instrument  ratings  increases  the  tendency  to  disorientation.  Unexpected  visual  effects 
as  on  looking  through  a  window  in  the  floor  of  an  aircraft.  Hypochondriacal  fear  that 
any  altered  bodixy  sensation  may  be  a  prelude  to  losing  consciousness  often  gives  rise 
to  disorientation.  Illusions  of  position  (the  leans)  and  the  core  striking  illusion 
that  the  aircraft  is  upside  down  are  related  in  part  to  the  sensory  deprivation.  A 
less  common  form  of  disorientation  is  the  inability  to  appreciate  subjectively  the 
motion  of  the  aircraft  with  the  resulting  belief  that  the  plane  is  stationary  cr  that 
it  has  not  turned  after  banking. 

Treatment  of  disorientation  must  be  by  reassurance  and  rehabilitation.  If  the 
disorientation  has  been  of  recent  onset  and  can  be  explained  to  the  pilot  in  terms  which 
he  understands,  this  may  be  all  that  is  reauirad.  Sometimes  the  explanation  must  be 
coupled  with  rehabilitatory  flying  especially  if  this  can  be  supervised  by  a  doctor  who 
is  himself  a  pilot.  If  the  pilot  has  worried  about  his  disorientation  for  some  time 
before  seeking  advice  end  if  he  is  predisposed  to  neurosis,  the  disorientation  may  lead 
into  a  phobic  fear  of  flying  which  requires  prolonged  treatment.  If  the  aviator  is 
severely  predisposed  to  neurosis  or  if  the  disorientation  has  spread  to  other  methods 
of  travel  such  as  trains  or  cars  the  prognosis  is  worse.  In  our  experience  6<# 
return  to  full  flying,  7%  to  re str.J  'ted  flying  while  33£  were  grounded. 


DISCUSSION 

JONES.  You  said  you  wore  able  to  recover  two  thirds  of  the  |._lots  who  cans  under  medical  care  because 

of  disorientation.  What  vat  the  disposition  of  the  other  third?  Were  any  of  these  officers  in 
their  non-flying  career  allowed  to  cosmand  or  control  aviators? 

0* CONNOR.  Of  the  aircrew  with  disorientation  whoa  I  have  seen,  601  returned  to  norcal  flying  duties, 

72  went  bach  to  restricted  flying  and  332  were  grounded.  The  third  who  were  grounded  were 
probably  quite  fit  for  exist  ground  duties,  but  it  is  an  executive  decision  that  aircrew  who 
are  grounded  for  neuropsychiatric  causes  are  generally  discharged  from  the  Service.  They  are 
not  employed  as  Air  Traffic  Controllers. 


TECHNICAL  EVALUATION 

The  Disorientation  Incident  vas  the  theme  of  the  first  part  of  the  28th  Meeting  of  the  AGAXD 
Aerospace  Medical  Panel  held  in  Luchon,  France,  on  28-30  September,  1571.  In  hia  introductory  remarks 
Dr  Benson  explained  that  the  objective  of  the  Aerospace  Medical  Panel  in  choosing  Spatial  Disorientation 
as  a  special  topic  for  this  meeting  was  to  determine  the  operational  significance  of  this  perceptual 
disturbance  in  the  flight  environment.  He  suggested  that  it  was  widely  recognised  that  all  aircrew 
suffered  from  disorientation  at  sometime  or  other,  but  little  up  to  date  information  was  available  about 
the  incidence  of  disorientation  or  bow  frequently  it  was  the  prime  or  contributory  cause  of  aircraft 
accidents.  Apart  from  information  about  the  operational  consequences  of  disorientation,  it  was  important 
that  the  underlying  mechanism  of  the  condition  should  be  understood  in  order  to  provide  a  scientific 
basis  for  the  development  of  techniques  and  training  procedures  which  would  reduce  the  incidence  of 
spatial  disorientation  in  flight. 


^  During  the  course  of  the  meeting  which  occupied  two  half-day  sessions  sixteen  papers  were  presented. 
Full  texts  of  all  the  pipers  were  available  in  AGA&D  Conference  Preprint  No  95,  ao  the  speakers  were  able 
to  spend  the  time  available  in  the  explanation  of  essential  findings.  This  technique  appeared  to  work 
well  and  allowed  adequate  time  for  discussion  after  each  presentation.  The  papers  presented  could  be 
broadly  classified  underfbur  main  headings:  a.  Description  and  analysis  of  incidents  reported  by  aircrew, 
b.  Analysis  of  accidents  attributable  to  disorientation,  c.  Laboratory  'tudies.  d.  Training  procedures. 

Disorientation  Incidents 

Although  spatial  disorientation  has  been  recognised,  and  to  a  large  extent  understood,  for  many  years 
it  vas  apparent  both  from  formal  presentations  and  ensuing  discussion  that  aircrew-  continued  to  experience 
illusory  perceptions  of  aircraft  orientation. 

The  findings  of  two  recent  questionnaire  studies  were .reported;  one  carried  out  on  2,000  US  Navy 
pilots  and  the  other  on  336  U5  Military  pilots.  The  experience  of  disorientation  of  one  type  or  anochcr 
during  flight  was  almost  universal  (93-97Z),  yet  only  HZ  of  the  pilots  reported  that  they  had 
disorientation  ’frequently’.  Nevertheless  38Z  considered  that  their  safety  in  flight  had  been  hazarded 
hy  a  disorientation  incident.  The  frequency  with  which  the  different  types  Of  incidents  were  noted  was 
similar  to  that  found  in  a  comparable  survey  carried  out  in  1956.  The  most  commonly  reported  type  of 
disorientation  vas  a  false  perception  of  the  attitude  or  motion  of  the  aircraft,  disorientation  due  to 
the  misinterpretation  of  visual  information  vas  less  frequent  although  92Z  of  pilots  flying  alone  in  jet 
aircraft  reported  confusion  of  stars  with  surface  lights. 

In  general,  how-cver,  aircraft  type  and  operational  role  c'd  not  appear  to  influence  the  frequency 
with  which  the  different  types  of  disorientated  were  reported.  Notably,  helicopter  pilots  reported  the 
same  sort  of  incidents  as  pilots  of  fixed  wing  aircraft.  Among  these,  mention  should  be  made  of  the 
dissociative  sensations  characterised  by  the  'break-off  phenomenon'  which,  as  several  speakers  pointed 
out,  is  not  restricted  to  pilots  of  single  scat,  fixed  wing  aircraft  flying  at  high  altitude,  but  can 
occur  in  helicopters  when  flying  as  low  a*  500  ft. 

In  addition  to  the  'break-off'  phenomenon  several  specific  types  of  disorientation  were  discussed  in 
some  detail.  The  illusory  sensation  of  a  pitch-up  change  in  attitude,  brought  about  by  the  changing  force 
environment  associated  with  catapult  launch  or  turbulence  penetration  (Jet  upset),  is  of  special  importance 
as  accidents  have  been  directly  attributable  to  the  pilot  pushing  the  control  column  forward  to  correct  for 
the  apparent  change  in  aircraft  attitude.  The  special  problems  of  vertigo  induced  by  a  change  in  pressure 
(altcrnobaric  or  pressure  vertigo)  were  also  discussed,  though  symptoms  of  this  type  were  only  reported  by 
about  10Z  of  the  aircrew  population. 
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From  formal  presentation  and  discussion  it  was  apparent  that  a  considerable  amount  of  information 
was  available  about  the  different  types  of  spatial  disorientation  and  the  frequency  such  incidents  are 
reported.  Knowledge  asoat  how  frequently  aviators  become  disorientated  is  less  certain,  though  a 
qualitative  assessment  of  the  incidence  of  disorientation  was  provided  by  the  US  Navy  questionnaire.  Yet 
more  important  is  the  frequency  with  which  disorientation  jeopardises  flight  safety.  Over  a  third  of  the 
pilots  had  experienced  an  incident  which  they  regarded  as  a  hazard  either  to  themselves  or  to  the  aircraft, 
but  little  is  known  about  the  frequency  of  occurrence  of  these  incidents.  Yet  potentially  far  more 
dsngerous  are  those  situations  in  which  the  pilot  is  nor  aware  that  his  perception  of  aircraft  orientation 
is  incorrect.  Such  incidents  are,  as  ore  speaker  remarked,  the  'real  killer'  and  not  amenable  to 
anamnestic  study. 

Analysis  of  Accident  Statistics 

Four  papers  were  presented  which  dealt  with  aircraft  accidents  in  which  spatial  disorientation  was 
considered  to  be  a  causal  factor.  In  analysing  the  chain  of  events  which  leads  to  an  aircraft  accident 
spatial  disorientation  poses  special  problems,  for  the  investigator  is  rarely  provided  with  unambiguous 
evidence  that  the  error  in  the  pilot's  control  oi  the  aircraft  was  directly  attributable  to  an  error  in 
his  perception  of  the  motion  and  attitude  of  the  aircraft.  More  cosssonly  the  conclusion  that  an  accident 
was  caused  by  spatial  disorientation  must  be  obtained  by  inference,  which  itself  is  likely  to  be  influenced 
by  the  attitude,  experience  aud  judgement  of  the  investigators.  This  feature  was  illustrated  by  UK  (RAF 
and  Army)  accident  statistics  which  showed  a  higher  incidence  of  accidents  attributable  to  disorientation 
in  the  period  1966-1970  than  during  the  previous  quinquennium,  when  the  problem  of  disorientation  was  less 
publicised  in  the  Service.  It  was  suggested  that  the  figures  for  toe  period  1966-1970  were  a  sore  accurate 
measure  of  the  disorientation  accident  rate.  Over  this  period  the  rate  was  3. 77  of  all  accidents  or 
approximately  11Z  of  aircrew  error  accidents.  Analysis  of  US  Army  accident  statistics  for  1966-1967  indicated 
the  7.1Z  of  all  accidents  could  be  classified  as  'orientation  error'  wnich  represented  10. 3Z  of  the  pilot 
error  accidents.  US  Navy  statistics  showed  that  6.8Z  of  all  accidents  in  1969  were  coded  for  disorientation/ 
vertigo,  although  on  detailed  examination  of  the  accident  reports  only  1Z  of  the  accidents  could  be 
definitely  attributed  to  spatial  disorientation. 


Aircraft  accidents,  in  particular  those  due  to  pilot  error,  rarely  have  a  single  cause.  Indeed,  only 
in  AX  of  all  US  Navy  accidents  coded  for  disorientation  in  1969  and  1970  was  this  perceptual  disability 
considered  to  be  the  sole  cause  of  the  accident.  In  the  remainder,  other  psychological  or  environmental 
factors  were  coded  along  with  disorientation  in  the  accident  report.  Of  these  contributory  factors, 
restriction  of  visibility  by  weather,  haze  or  darkness  vas  the  most  frequently  reported.  The  association 
of  disorientation  with  instrument  flight,  and  in  particular  the  transfer  from  cxte’Tial  visual  reference  to 
instrument  reference  was  clearly  demonstrated  by  UK  and  US  accident  data  as  well  as  by  the  incident 
questionnaires  referred  to  in  the  previous  section. 

US  Naval  accident  statistics  also  shoved  that  the  frequency  of  orientation  error  accidents  were 
proportionately  higher  during  the  first  two  years  of  flying  than  during  subsequent  phases  of  the  aviators 
career.  The  experienced  aviator  is  not  iamme  from  spatial  disorientation,  but  it  would  appear  that  he  is 
less  likely  to  allow  his  control  of  the  aircraft  to  be  disturbed  by  the  illusory  sensations  which 
characterise  spatial  disorientation. 

Laboratory  Studies  of  Certain  Aspects  of  Disorientation 

The  environmental,  physiological  and  psychological  factors  concerned  in  the  aetiology  of  spatial 
disorientation  are  nuaerevs ,  so  .it  vas  understandable  that  in  a  short  canting  the  detailed  analysis  of 
specific  types  of  disorientation  would  not  be  comprehensive. 


A  notable  contribution  tothe  understanding  of  the  illusory  perception  of  a  pitch  up  change  in  attitude 
which  can  occur  during  catapult  launch  was  provided  by  the  results  of  experiments  in  which  subjects  were 
exposed  to  a  simulated  launch  profile  in  the  NAUC  centrifuge.  It  vas  found  that  an  X-axis  acceleration 


pulse  of  approximately  4g  acting  for  3  *cc  lad  to  an  illusory  perception  in  pitch  attitude  which  pereie ted 
for  up  to  60  aec  after  the  atiaulua.  Thia  illustration  of  the  change  in  perception  of  attitude,  brought 
about  by  a  tranaient  X  axia  acceleration  complemented  the  eatabliahed  data  for  long  duration  low  amplitude 
acceleration*  and  eaphaaiaed  the  importance  of  the  uae  of  flight  inatrument*  if  aircraft  attitude  it  to  be 
correctly  perceived  in  a  changing  force  environment. 


Tranaient  change*  in  the  force  environzmnc  were  alto  uted  in  a  aimulated  flying  aituation  in  an  . 
attempt  to  induce  the .perceptual  and  motor  diaturbance*  of  what  ha*  been  called  the  'Giant  Hand  Phenomenon'. 
Strictly  thia  ia  not  apatial  diaorientation,  but  rather  an  involuntary  movement  of  the  pilot*  limb*  in 
which  be  feel*  a*  if  the  control  column  i*  being  pulled  cway  from  him  a*  if  by  a  'giant  hand'.  The 
condition  i*  apparently  not  cowon,  but  three  incident*  were  described,  which  included  one  ejection. 

The  effect*  of  ethyl  alcohol  on  veatibular  function  were  diacuaaed,  and  the  inability  of  intoxicated 
subject*  to  auppTeas  nystagmus  induced  by  rotational  stimulus  was  clearly  demonstrated  in  a  cinf-film. 
Result*  of  other  experiment*  were  alao  reported  which  provided  quantitative  evidence  of  the  failure  of 
auppreaaive  mechanism  and  of  the  decrement  in  visual  performance  in  subject*  who  had  been  given  alcohol. 
These  findings  eapbaai.ad  the  dangers  of  flying  after  drinking  and  illustrated  that  in  addition  to  the 
impairment  of  cerebral  function  engendered  by  alcohol,  it  also  degrade*  the  aviator's  ability  to  see 
instruments  when  exposed  to  potentially  disorientating  motion. 

Selection  and  Training 

The  psychological  functions  influencing  an  individual's  reaction  to  motion  stimuli  and  the  adaptation 
which  occurs  when  exposed  to  a  novel  motion  environment  were  reviewed  in  detail.  This  work  provided  a 
theoretical  framework  for  training  procedures  and  selection  testa  relevant  to  the  problem  of  spatial 
disorientation  in  flight.  The  Brief  Vestibular  Disorientation  Teat  ha*  been  found  to  be  a  valid  predictor 
of  failure  in  flying  training,  but  has  not  been  related  to  an  individuals  susceptibility  to  impairment  of 
control  by  disorientating  sensations  or  specifically  to  an  orientation  error  accident.  However,  it  was 
considered  that  with  further  development  the  teat  would  have  a  predictive  capability  in  assessment  of  an 
individuals  susceptibility  to  in-fligbt  disorientation. 

there  was  general  agreement  with  the  opinions  of  several  speakers  who  considered  that  orientation  error 
accidents  would  be  decreased  if  training,  both  on  the  ground  and  in  the  air  were  improved.  Apart  from 
lectures,  which  inform  aircrew  about  tbe  various  forms  of  disorientation  and  the  conditions  of  flight  in 
which  they  occur,  the  benefits  of  various  technique*  for  'disorientation  familiarization'  were  discussed. 

A  simple,  portable,  rotating  chair  was  demonstrated  and  the  manner  described  in  which  it  was  used  to 
produce  sensory  and  visual  illusions  comparable  to  those  expet ieneed  in  the  flight  environment.  The  range 
of  illusions  which  can  be  demonstrated  is  enhanced  by  the  use  of  eccentric  rotation  (eg  a  centrifuge),  but 
if  such  a  device  ia  used  for  training  as  a  dynamic  flight  simulation  rather  than  for  a  simple  demonstration 
of  disorientating  sensations  it  was  suggested  that  there  could  be  sn  undesirable  transfer  from  simulated 
to  actual  flight. 

While  the  ground  bated  demonstration  of  disorientation  is  a  useful  contribution  tc  tbe  training  of 
aircr  v,  it  was  agreed  that  a  high  degree  of  proficiency  at  instrument  flying  was  the  aviator's  beat 
protection  against  the  impairment  and  possible  loss  of  control  engendered  by  conflicting_and  distracting 
sensations.  Apart  from  the  demonstration  of  disorientation  in  the  flight  environment  it  vas  argued  that 
it  vas  not  sufficient  for  the,  student  pilot  just  to  b«  able  to  fly  hy  instruments;  he  should  be  trained  to 
use  instruments  under  'stressful*  conditions  so  that  he  develope1’.  the  confidence  to  fly  all  weather  missions 
and  the  ability  to  deal  with  critical  in-flight  incidsnts  vithot  t  disorganization  of  aircraft  control.  The 
high  incidence  of  disorientation  which  occurs  on  transition  fr  /a  external  visual  reference  to  instruments 
implies  that  greater  emphasis  should  be  placed  on  this  aspec'  of  the  flying  task  during  training. 
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RECOMMENDATIONS 


1.  Training 

The  importance  of  ground  and  flight  training  in  reducing  the  incidence  of  spatial  disorientation 
end  orientation  error  accidents  was  emphasised  by  many  participants.  Accordingly  it  was  decided  to 
form  ah  Ad  Hoc  Working  Group  which  would  prepare  an  advisory  report  on  orientation  training.  The 
Working  Group  would  review  training  procedures  and  make  recommendations  on  a.  topics  to  be  covered 
in  ground  school  lectures,  b.  the  use  of  disorientation  familiarization  devices  and  disorientation 
trainers,  c.  the  natures  of  in-flight  training  and  in  particular  instrument  flight  training 
procedures  and  d.  the  maintenance  of  instrument  flying  skill  and  refresher  training. 

2.  Instrument  displays 
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Other  methods  of  reducing  orientation-error  accidents  were  suggested: 

a.  Instrument  displays  should  be  developed  which  allow  aircraft  orientation  to  be  determined  more 
rapidly  and  more  certainly  than  with  the  existing  cockpit  instruments.  The  objective  should  be  to 
provide  flight  instruments  which  have  the  ’force*  of  information  available  during  contact  (VKC)  flight. 

b.  The  potential  benefits  of  the  head-up  display  in  aiding  VMC-1MC  (VFR-IFR)  transition  and  the 
possible  amelioration  of  disorientation  during  this  critical  phase  of  flight  should  be  evaluated. 

c.  Helicopters  should  be  provided  with  instrumentation  appropriate  to  this  type  of  flight  vehicle, 
with  adequate  indication  of  translational  notion  and  ground  clearance. 
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